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THE technique the Lange test one which offers difficulty, but its 
success depends the preparation correct gold sol, and this preparation 
difficulty very frequently met with. 

methods depending the reduction gold salt with formalin with 
glucose, acids are produced requiring the use alkaline solutions (usually 
solution potassium carbonate), adjust the reaction the sol neutral, 
and the adjustment somewhat coarse one. Mellanby and Davies’ (1923) 
method, which the reducing agent neutral potassium oxalate, adjustment 
needed, for the only acid body produced CO,, which largely driven off 
during the preparation the sol. This method is, experience, the most 
satisfactory one, provided the right gold salt used. 

Mellanby and Davies recommend the use gold chloride, without giving 
any further description the salt. the chemical catalogues British 
Drug Houses, Ltd., and Gallencamp Co., gold chloride described 

Gold chloride 
Gold chloride (double salt) 

four other catalogues examined, gold mentioned without 
any reference the composition the reaction the salt, and would 
certainly seem that the product commonly known gold chloride” the 
acid salt 
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Now, this salt used for the preparation gold sols Mellanby and 
Davies’ method, the final concentration hydrochloric acid the sol arising 
from the free acid this salt approximately N/1900; but Mellanby and 
Davies showed that with sol containing N/5000 highly ionized acid (they 
used oxalic acid), normal cerebro-spinal fluid gives curve simulating early 
tabes, while with N/2500 acid sol paretic curve was obtained. Alkalis, 
the other hand, diminish the sensitivity the sol precipitation that 
pathological cerebro-spinal fluid tends give the same result normal 
fluid. Hence obvious that the acid gold chloride salt cannot used with 
success this method, though may give satisfactory results methods 
which alkaline adjusters are used, provided the adjustment not carried 
too far. 

probably owing the fact that the material supplied gold chloride 
frequently, not usually, the acid salt that Mellanby and Davies’ method 
has not supplanted the older methods. least one published description 
this method (Greenfield and Carmichael, 1925) gold 
specified, but the point such importance the success the method that 
the need for neutral salt should specially emphasized, and its constitution 
should stated. the double salt with NaCl, viz. 
the corresponding one with may used. the two prefer the 
potassium less soluble water and less deliquescent than the 
sodium salt, and therefore more easy prepare and obtain pure state. 

Even when one has the right materials fairly large proportion all sols 
made has rejected, and most writers the subject advise that sol 
should first tested against known normal and paretic fluid before being 
passed for use against unknown fluids. This not surprising when one 
considers the nature the material dealt with. Besides neutrality, the size 
the colloidal particle deciding factor. This will depend the rate 
which the gold salt reduced, and this turn will depend the nature and 
concentration the materials used, and the rate heating. ‘The rate 
heating will depend such variable factors gas pressure, area flask 
exposed flame, etc., and the correct conditions can only ascertained 
experience. Mellanby and Davies advise that the gold solution should 
added the water containing the potassium oxalate while the latter boiling. 
Greenfield and Carmichael say: Bring the flask almost the boiling-point 
and then add the gold chloride.’ own practice heat the 
potassium oxalate solution flask asbestos-centred gauze until 
boils. then simultaneously remove the burner and commence the addition 

the gold chloride, the latter added the solution ceasing boil. 

have recently been using method which avoids reduction near the 
boiling-point, and have obtained more uniform results than the original 
Mellanby and Davies method. once ascertained what correct sol 
prepared this new method looks like, one can reasonably confident that 
all sols prepared which are correct appearance will act satisfactorily 
the test. 

The method arose out experiments made with different double salts. 
found that with double bromide, correct sols could 
not obtained reduction with potassium oxalate the boiling-point, but 
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were obtained allowing the reagents stand together the ordinary 
room temperature. Further experiments showed that daylight essential. 
Temperature also factor, but rigid control this not necessary 
other methods, and temperature and daylight are complementary some 
extent. The details the method are follows: 

Into 200 c.c. conical flask (from which any precipitated gold must 
removed) are poured 100 c.c. freshly redistilled water. 
solution neutral potassium oxalate (B.D.H., A.R.) added. Then c.c. 
solution the gold potassium bromide are added. The whole 
thoroughly shaken, the mouth the flask protected from dust, etc., 
watch-glass, and the flask placed window where bright daylight reaches 
it. Direct sunlight should avoided. The solution gradually loses its brown 
colour and becomes entirely colourless. Then faint red streaks appear and 
soon the typical red gold sol formed. The whole process, from mixing and 
exposing the solutions complete formation the sol, should occupy from 
hours. The final sol should have faint sheen, giving the appearance 
oiliness. Sols prepared direct sunlight may develop half hour 
(depending somewhat the temperature), but they are entirely without 
sheen and generally rather too stable. Sols taking more than hours 
develop are cloudy and unsuitable. winter, when the daylight best 
not very bright, advisable warm the water (depending 
the quality the daylight) before adding the reagents. summer 
necessary that the water after redistillation should cooled 
room temperature before attempting the preparation the sol. very dull 
foggy days the method cannot used. 

The gold salt used the earlier experiments was supplied Merck, but 
have recently had satisfactory results from salt supplied British Drug 
Houses, Ltd. 
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(1905) appears first have described the protective effect that 
could exerted dietetic measures during acute experimental nephritis. 
found that rabbits fed carrots were resistant doses cantharidin 
which would invariably provoke severe hemorrhagic nephritis rabbits fed 
oats. brought forward evidence show that the protection was due 
the alkalinity the urine produced eating carrots. Hara (1920) found 
that Japanese food, prepared from bean curd, had similar 
protective effect. Rabbits fed excreted alkaline urine; they 
were given injections acids neutral salts the same time cantharidin 
they were longer protected the diet, even though they might still 
excreting alkaline urine. The urine his control rabbits fed barley was 
usually acid, but even sufficient alkali were given render the urine 
alkaline and raise the CO, content the plasma high level, the injection 
cantharidin produced severe toxic effects just without the alkali. 

Salant and Bengis (1917) and later Salant and Swanson (1918) extended 
the observations Ellinger, and examined the protective effect variety 
foodstuffs different types experimental nephritis. They confirmed the 
protective effect young carrots the case rabbits, but could find very 
little protection conferred old winter carrots. They tried cabbage, but 
apparently did not obtain evidence any protective effect with it. The 
reaction the urine seemed bear obvious relation the severity the 
symptoms produced the kidney thus with diet hay the urine 
was always alkaline, yet the injection sodium tartrate produced severe 
symptoms were found animals receiving diet that produced acid 
urine. 

Maclean, Forest Smith and Urquhart (1926) showed that high protein 
diet fed rabbits without the addition green food produced marked 
albuminuria and eventually led the death the animals. The addition 
two cabbage leaves day the same high-protein diet kept the rabbits 
good health for long periods, though there were temporary changes the 
animals’ metabolism the beginning the period dietary. The reaction 
the urine these experiments was noted neutral most cases, though 
might either acid alkaline without the appearance albuminuria, 
green food was given, 
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These two series phenomena might some way related, and suggest 
the presence certain foodstuffs some factor other than excess base, 
which might specifically influence the functional response the kidney 
potential poisons either endogenous exogenous origin. The experiments 
about described, must confessed, were undertaken ignorance 
Ellinger’s work concerning the protective action carrot diet experimental 
nephritis. foodstuff chosen the first instance possible source the 
postulated factor was cabbage conceivable that young carrots might have 
proved still more promising source the factor, and this point will have 
settled further experiment. claim can made present have 
established the existence any such specific factor has been postulated 
above. However, view recent startling discoveries concerning specific 
food factors, appeared permissible reopen the question the mechanism 
the protective action certain foodstuffs during experimental nephritis and 
indicate the lines which the present investigation being carried on, 
together with the results, both positive and negative, far obtained. 


General Methods. 


Young rabbits weighing from 1°5 kilos were used most occasions. 
solution uranium nitrate was injected subcutaneously produce the 
renal lesions. the early experiments either 0°5 mgm. the salt was 
usually given; this dose produced animals weighing about kilos severe 
symptoms renal damage, with complete recovery the general health 
about 10-14 days. the later experiments mgm. was found very 
frequently fatal rabbits this weight, death occurring 8-10 days. 
Boycott and Ryffel (1912-13) have stated that mgm. per kilo the usual 
minimal fatal dose uranium nitrate for rabbits. The uranium nitrate used 
was taken from the same sample throughout the experiments. The later 
experiments were carried out during the winter months, and the increased 
mortality that occurred during this period may possibly seasonal 
phenomenon. 

The severity the renal damage produced the injections was judged 
the rise the non-protein nitrogen content the blood, samples which 
were obtained puncture ear vein. This has been found the whole 
reliable criterion. Rabbits with non-protein nitrogen content 
(henceforth written N.P.N.) exceeding 100 mgm. per 100 c.c. rule begin 
lose their appetite and are recognizably poor condition; when exceeds 
300 mgm. they usually die within few days. 

The diets used were for the most part composed oats, bran and cabbage. 
The used control experiments, consisted equal parts 
weight bran and oats, together with sometimes gm. cabbage 
daily and water lib. protein was sometimes used, which 
consisted part weight bran, part dried lean meat dried 
liver, and parts oats. When cabbage alone was given was found 
necessary provide least 500 gm. day prevent the rabbits from losing 
weight. Water was not given with diet composed wholly cabbage. 
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Results. 


The following are typical experiments showing the varying response 
rabbits uranium injections according the type diet they are given. The 
N.P.N. figures represent mgm. per 100 c.c. blood. 


TABLE 


Weight. uranium. 4th day. 8th 


gm. cabbage 
Bran 
gm. cabbage 


Remarks. 


equal parts Died. 


N.P.N. 
13th day. 
Bran 
gm. cabbage 


Died 10th day. 


Nine experiments this description were carried out, control rabbits 
the being injected the same time every case. eight 
these was found that the cabbage diet exerted well-marked protective 
effect against the poison. One rabbit weighing 1150 gm. died the 8th 
day after the injection 0°5 mg. uranium, spite receiving diet 
composed solely 400 gm. cabbage; explanation this one exception 
was forthcoming. 

important note that the control animals received what 
sufficiently well-balanced ration. Rabbits have been kept this laboratory 
for many months apparently perfect health similar diet under precisely 
the same conditions. 

has already been mentioned that Salant and Swanson (1918) failed 
find any protective effect from cabbage diet tartrate poisoning. may 
that they tried the experiment mid-winter, some evidence was 
obtained the present investigation that winter cabbage was not power- 
fully protective summer cabbage. The mode action tartrate and 
uranium may course fundamentally different, though both poisons are 
believed damage the convoluted tubules the kidney. 

Among possible explanations the beneficial effect the cabbage diet 
may included the following: (1) The protective effect may associated 
with the particular mineral salts contained the cabbage, possibly with the 
tendency this food produce alkaline urine; (2) the cabbage diet, 
containing less protein than the diet oats and bran, may relieve the kidneys 
some their excretory activities and thus allow them their damaged 
condition greater opportunities recovery. (3) Cabbage may contain some 
more less specific substance, which some way antagonizes the toxic action 
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uranium towards the renal epithelium, increases the capacity damaged 
renal elements eliminate waste products. 

This list possibilities not course exhaustive, and does not include 
the suggestion put forward Salant and Swanson (1918) that protective 
foodstuffs may neutralize some toxic metabolic product elaborated the 
intestine, nor the suggestion Maclean and his colleagues (1926), that 
vitamins must. the factor responsible for the protective effect cabbage 
against nephritis otherwise produced the rabbit high protein diets. The 
solution the problem has not yet been reached, but the sections that follow 
deal with further experimental work which was hoped might throw 
additional light the situation. 


The Influence the Protein Content the Diet the Severity 
Symptoms. 


clear that the amount protein the diet animal with 
severely damaged kidneys not the sole factor determining the extent the 
rise the non-protein nitrogen the blood. Rabbits given moderate but 
non-lethal dose uranium usually lose their appetite after the 3rd 4th 
day, but their non-protein nitrogen may continue rise rapidly till the 8th 
10th day, even though they have eaten virtually nothing for several days. 

During this period semi-starvation they are rapidly losing weight and 
the catabolism their body protein must proceeding increased rate, 
which means that there will greater accumulation nitrogenous 
metabolites the tissue fluids. This point has taken into account; 
may perhaps partially explain the differences N.P.N’s. observed with the 
different types diet during the later stages the illness, but does not 
apply the early stages when the diets are being well consumed. 

the experiments quoted above the protein contents the two types 
diet work out approximately follows: (1) mixed diet gm. each 
oats and bran with gm. cabbage contains roughly gm. protein; (2) 
500 gm. cabbage contains about gm. protein. the entire ration were 
consumed each case the difference the protein contents might 
significant but seeing that large part the mixed ration left untouched 
after the first few days, while the cabbage may finished each day, the 
probability that, rule, least much protein actually consumed 
during the course the experiment the rabbits the cabbage diet 
the controls. 

might argued that the greater part the actual damage the 
kidney tubules occurs during the first few days following the uranium injection, 
-and that chiefly during this early period that the protein content the 
diet importance. The following experiment was undertaken examine 
this point. One series three rabbits was given diet nothing but 
cabbage, the second was given oats and bran with gm. cabbage, and the 
third diet containing equal parts oats and bran with 20% dried meat 
and gm. cabbage. After days these diets each animal received 
injection mg. uranium. Three days later the rabbit that had 
previously been given cabbage was given the control diet oats and bran, and 
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the rabbit that had been receiving the meat diet was given cabbage alone the 
control animal was kept the same diet throughout. The following table 
shows the 


TABLE II. 


injection. 3rd day. injection. injection. 


will seen that the cabbage diet had prevented any appreciable rise 
the N.P.N. for the first three days, but the change the control diet resulted 
very considerable transitory rise. The meat diet caused greater pre- 
liminary rise the N.P.N. than either the cabbage the control diets, but 
the change the cabbage diet after the third day saved the rabbit from any 
very severe symptoms. There appears, therefore, period several days 
following the injection during which the diet can still exert marked influence 
the toxic effects uranium; during these days, rule, the animals have 
partially lost their appetite for cereals, and are therefore consuming relatively 
small quantity protein. seems more likely that the protective effect 
cabbage, therefore, due some positive factor contained the cabbage 
than that the cabbage acts merely virtue its containing but small 
proportion protein. 


The Influence the Alkali-producing Effect the Diet. 


the introductory section this paper some the evidence was discussed 
for and against the view that the protective effect certain diets experi- 
mental nephritis was due their producing alkaline urine. The work 
MacNider (1916) and Goto (1917, 1918), who demonstrated the protective 
action sodium bicarbonate uranium poisoning the dog, was not mentioned. 
may well that under certain conditions large doses alkali may help 
preserve the functional activities the kidney after uranium injections, 
but, has already been stated above, the balance evidence seems clearly 
against the view that the mere capacity foodstuff ensure alkaline 
urine suffices endow with protective effect. This point has not been 
fully worked out the present series investigations, but the following 
experiment may perhaps quoted bearing the point 

Two rabbits were given diet consisting equal parts bran and oats 
with together with gm. cabbage, and their response 
injection mg. uranium nitrate was compared with that two rabbits 
diet cabbage alone. The rabbits the cabbage diet had practically 
normal N.P.N’s. days after the injection, while the rabbits 
receiving bicarbonate died the 12th day, and the other still had N.P.N. 
194 mg. the 13th day. the beginning the experiment, when 
they ate all their food, they received from 0°5 0°8 gm. NaHCO, day. 
is, course, possible that sufficient alkali had not been given exert 
protective effect. 
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Attempts Isolating some Protective Factor. 


the assumption that there might some substance substances 
cabbage exerting positive protective effect against 
attempts were made trace the protective effect some particular fraction 
the cabbage. was first found that cabbage dried air temperature 
70°-80°C. added cereal diet still exerted some protective action. 

watery extract was now made from dried cabbage follows: 100 gm. 
dried cabbage were heated with water for hour 70°C. 
The resulting paste was strained through muslin; the residue were added 
600 c.c. water, and the paste was allowed stand overnight. After 
further spell heating 70°C. was again strained through muslin, and 
the combined extracts were filtered and evaporated steam bath. first 
the filtrate was concentrated that represented the extract from 
180 gm. fresh leaves. was found that most rabbits would drink with 
avidity when was presented them inverted glass bulbs such are 
commonly used provide rats with their drinking water. Later was found 
more satisfactory evaporate the filtrate further the consistency treacle, 
and mix with the diet bran and oats. 

the first experiment with cabbage extract three rabbits were one 
received the usual type control diet, second was given the control diet 
with the liquid extract drink, and the third was given the dried residue 
remaining after extraction, mixed with the control diet. 

The dried cabbage residue was eaten well first, but had protective 
action. The liquid extract exerted slight but distinct protective effect 
first—that is, long any considerable quantity was consumed. For 
the first few days from 150 200 c.c. were taken, representing 250 350 gm. 
fresh leaves; after the 6th day the extract was left untouched and the 
animal became obviously ill. 

For the next experiment the more concentrated extract was mixed with 
the food; was taken well throughout the whole experiment. The results 
were follows: 


TABLE III. 


Wt. Diet. 4th day. day. Remarks. 
Oats 


Equal parts. 94mg.. Ate well throughout. 
gm. extract 


(=400 gm. fresh leaves) 
gm. fresh 


gm. fresh cabbage. 


2150 gm. 


will seen that this case the rabbit receiving the extract was given 
the same small daily ration fresh cabbage that the control was given. The 
extract seemed exert well-marked protective effect. 

extract prepared the manner already described was then dialysed 
against running water for hours, concentrated the consistency paste, 
and mixed with ration bran and oats. The attempt demonstrate 
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protective effect feeding this extract shown the following 
experiment 


TABLE IV. 


i Dose of N.P.N. N.P.N. 
uranium, 4th day. 8th day. Remarks. 


gm. dialysed extract 
(=400 gm. fresh leaves) 
gm. fresh cabbage. 
gm. cabbage. 


The rabbit receiving the extract finished up-all its food until the 7th day 
after the injection, whereas the control rabbit was leaving considerable 
amount its food the 4th day. judge from this result, the dialysed 
extract would appear have definite protective effect. The experiment was 
repeated later with rabbit that did not take the ration containing the 
extract well, and the 3rd day was leaving half it. The result was 
negative, protective effect whatever being found. remains therefore 
still undecided whether the dialysed extract contains any protective substance, 
and this point can only determined further work. 

alcoholic extract was next prepared warming 400 gm. dried 
cabbage with 1000 c.c. absolute alcohol and allowing the mixture stand 
for hours. The fluid portion was strained off and the extraction repeated, 
after which the combined fluid portions were and evaporated the 
consistency paste. This was mixed with bran and oats and given 
rabbit; the residue was dried and given another rabbit. protective 
effect was obtained either with the extract the residue. 

The diets were all taken well for the first two three days, but after that 
considerable portion was left each case, and this may possibly explain 
why protective effect was apparent either with the alcoholic extract with 
the residue. 

This particular experiment was carried out mid-winter, when was not 
possible get ordinary cabbage, and winter kale was used its place. From 
the time this substitution took place the protective effects were never well 
marked they had been previously, and this may perhaps additional 
reason for the failure observe any effect this experiment with the 
alcoholic extract. 

sum up, some evidence has been obtained that protective factor can 
separated from cabbage extraction with water. Whether this factor 
bound with the mineral salt content the cabbage not has not yet been 
definitely determined, but the results one experiment with dialysed 
watery extract suggest the possibility that this may not the case. 


SUMMARY. 


diet composed entirely cabbage affords considerable protection 
from the severe toxic effects that may produced small doses uranium 
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nitrate rabbits fed ordinary laboratory diet oats, bran, and small 
allowance green food. 

Some evidence offered for the suggestion that this protective effect 
the cabbage diet not due its low protein content, nor its capacity for 
producing alkaline urine. 

Attempts have been made separate from whole cabbage some 
fraction which contains protective factor, and though the evidence not 
completely conclusive, such factor appears present watery extract, 
and may possibly exist dialysed watery extract. 


This work was carried out under the auspices the Medical Research 
Council, whom thanks are due. wish, also, express thanks 
Prof. Mellanby for helpful advice throughout the work. 
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has been shown Dible (1921) that Streptococcus shows con- 
siderable heat-resisting properties and can survive exposure 60°C. for twenty 
minutes, and that this property heat-resistance the distinguishing feature 
these organisms. These observations have been confirmed Bagger (1926), 
who found that all his strains enterococcus withstood exposure 58°C. for 
one hour. 

The present communication also deals with the resistant properties these 
organisms, namely resistance markedly alkaline and acid culture media. 
the course work dealing with the isolation acidophilus from the feces 
the use broth made strongly acid with acetic acid, was found that 
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streptococci occasionally survived. These organisms were found heat- 
resistant, and have all the characters Streptococcus 

The method employed these experiments was add 0°05 c.c. glacial 
acetic acid ordinary nutrient broth which was then 
inoculated with two three drops thick emulsion feces. After 
incubation overnight 37°C., the sediment was spread ordinary nutrient 
agar, which was then incubated for hours. addition acidophilus 
colonies Streptococcus fecalis were frequently obtained. The sparse growth 
indicated that only few these cocci had withstood the incubation the 
highly acid medium. 

Experiments were instituted test the resistance strongly alkaline 
media. series tubes each containing ordinary nutrient broth 
solution N/1 NaOH was added amounts varying from 0°1 c.c. 0°5 
These were heavily inoculated with emulsion and incubated for 
hours longer. The contents the tubes were then plated out 
ordinary agar. was found that with the greater amounts alkali Strepto- 
coccus fecalis was obtained pure culture. The growth was frequently 
abundant suggest growth the organisms rather than mere survival 
the alkaline broth. these experiments showed that amounts 
alkali from 0°25 c.c. 0°35 were sufficient kill and give. 
abundant growths Streptococcus Thereafter, routine procedure, 
one tube containing 0°3 c.c. N/1 NaOH c.c. broth 
Smaller amounts alkali (0°25 c.c.) were usually sufficient give pure 
cultures, but occasionally few colonies coli were obtained when the 
suspension was added quantity contained numerous coarse particles 

The method was applied large number samples human feces and 
those laboratory animals, and pure cultures Streptococcus were 
obtained. These were retained for further investigation. Samples feces 
were subjected both acid broth and alkaline broth treatment well 
ordinary methods cultivation and the various strains compared. Whereas 
the acid culture media failed give growth yielded only few colonies 
subsequent plating, the alkaline media yielded abundant growths. our 
experience occasionally difficult obtain cultures streptococci from 
certain samples direct plating ordinary agar MacConkey’s 
medium. have found that alkaline broth has these cases given good 
results. 

Having established the resistance Streptococcus fecalis alkaline broth 
appeared possible attempt direct isolation alkaline solid agar media. 
Amounts NaOH corresponding with those added the broth were 
added ordinary nutrient agar and plates were poured. These were spread 
with drop thick suspension feces and incubated. Streptococcus 
was obtained pure culture. This direct method was tried with 
various samples human feces, but the results were such suggest the 
superiority the indirect method, employing alkaline broth, over the direct 
growth solid media, the number colonies obtained the solid medium 
was often very scanty. was also observed that result spreading the 
feecal suspension the alkaline agar, numerous small crystals developed 
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the medium which interfered some extent with the clarity. The preliminary 
culture the feces the alkaline broth appears give opportunity for 
growth various strains Streptococcus fecalis and subsequent plating gives 
large numbers colonies. When the alkaline broth was plated 
MacConkey’s medium, some degree differentiation the various types, 
particularly with regard the fermentation lactose, was easily made, and 
have used this method with advantage order obtain the different 
variants which were frequently present one sample 

the course the work strains cocci were isolated from samples 
feeces the use alkaline media, and compared with strains isolated 
the use acid broth, and with strains isolated direct cultures agar 
MacConkey. All the strains were found heat-resistant and 
survive culture acid and alkaline broth. The saccharolytic properties 
variety carbohydrate media were examined. Only two strains failed 
ferment mannite, but there was considerable variation the fermentation 
glucose, lactose, saccharose and arabinose. all the numerous 
variants described Dible were encountered the series. All the strains 
conformed the enterococcus type. this connection should noted 
that have examined strains streptococci from the mouth and other 
sources, and have found that unless these are Streptococcus type 
they not survive exposure alkaline acid broth. The salivarius type 
which Dible isolated from samples the course his work was 
therefore not encountered. The hydrogen-ion concentration the alkaline 
broth which have used was found direct estimation with the hydrogen 
electrode 11°1. 

The method was extended the examination swabs from the throat 
and nose series diphtheria contacts determine the presence 
Streptococcus fecalis these situations. was found that staphylococci and 
diphtheroids also survived the treatment with alkali, and that pure cultures 
Streptococcus fecalis were obtained after plating ordinary agar only 
few experiments. Streptococci corresponding all respects the feecal strains 
were, however, readily isolated from 10% the throat swabs and from 11% 
the nasal swabs. Dible, using the heat-resistance these organisms, isolated 
the organism from the saliva two five cases which examined. Bagger, 
communication the subject enterococci published while this work 
was progress, has also found that these organisms are able grow broth 
with values varying from 10. 


SUMMARY. 


Streptococcus fecalis resistant exposure very acid and very alkaline 
media, and easily obtained pure culture direct inoculation feces 
into alkaline broth (Ph 
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two recent papers, Gildermeister and Herzberg (1925; 1927) have 
produced evidence which, correct, would indicate close relationship between 
the viruses herpes febrilis and vaccinia. Although this has not been the 
experience others who have worked with these two viruses Doerr 
Levaditi, etc.) the evidence Gildermeister and Herzberg seemed well 
founded suggest that possibly the partial cross-protection which they 
claimed have demonstrated, might have been overlooked earlier workers. 
Had the work Gildermeister and Herzberg consisted only cross-protection 
experiments the animal, frequently entailing superimposition inoculations, 
one would have been less ready pay heed their conclusions. But they 
reported addition neutralization experiments with specific sera which bore 
out their vivo findings. the course our work with the viruses herpes 
and vaccinia had number animals coming off experiment immune 
one other virus and was decided utilize this material endeavour 
find out any relationship did reality exist between these two viruses. 


CROSS-IMMUNITY THE ANIMAL. 


These experiments have been carried out guinea-pigs which had been 
inoculated the epilated hairy skin with herpes vaccinia virus. After 
allowing suitable interval for recovery from the primary infection they were 
tested for immunity with the same virus the result this test was 
satisfactory, the second virus was titrated them the manner described 
previous communication (Bedson and Crawford, 1927). some cases the 
immunity test and titration the second virus were carried out the same 
time. Control titrations were made normal animals and the results 
compared with the readings obtained the experimental guinea-pigs. These 
cross-immunity experiments frequently have entailed the superimposition 
takes but since the test titration has been arranged that the highest dilution 
virus was inoculated the area skin which had been occupied the 
greatest take given the immunizing virus, the experiments have been 
weighted, anything, favour the findings Gildermeister and Herzberg. 
Occasionally has been found that guinea-pig which had recently recovered 
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from infection was not solidly immune the same virus. Some immunity 
was present was shown the precocious nature the reaction the test 
inoculation and the fact that vesicle formation was abortive absent. This 
occurred with strains both vaccinia and herpes and these allergic guinea-pigs 
were hyperimmunized with active virus order give them solid immunity 
before using them cross-immunity experiments. Even has been found 
difficult produce really solid immunity least one the strains 
vaccinia virus employed. With these preliminary remarks will suffice 
tabulate the findings they speak for themselves. 


Titration Vaccinia Virus Herpes-Immune Guinea-Pigs. 


Experiment 


Test for 
Interval immunity 
between herpes. 


infection Scarification Dilutions vaccinia virus (Ve. 3). 
Animal. with herpes with 


and titra- 1/100. 1/1000. 1/5000. 
tion time 
vaccinia. 
titration. 


Confluent take; becoming confluent; discrete vesicles more than 

The sign brackets indicates the severity the take the previous herpes inoculation. 
The numeral placed after the sign indicates the number vesicles produced. The con- 
ventions will employed throughout this paper. 


IT. 
Previous treatment with herpes virus: 


Scarified with herpes virus hairy skin. 
25.2.28. 0°25 herpes virus 1/10 (titre 1/10,000) intramuscu- 
larly. 
5.3.28. M.I.D. herpes virus intradermally plantar skin 
NEGATIVE. 


Titration vaccinia virus. 9.3.28: 


Dilutions vaccinia virus (Ve. 22). 


1/50. 1/100. 1/1000. 
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Experiment ITI. 


Previous treatment with herpes virus 


24.1.28. 620, scarified hairy skin with herpes virus. 
23.2.28. Scarified with herpes virus allergic 
herpes virus 1/10 (titre 1/10,000) intramuscularly. 
5.3.28. herpes virus intradermally plantar skin=NEGATIVE. 


Titration vaccinia virus. 14.3.28: 


Dilutions vaccinia virus (Ve. 25). 
Guinea-pig. 


Titration Herpes Virus Vaccinia-Immune Guinea-pigs. 


Experiment 
Interval 


vaccinia. Scarification Dilutions herpes virus (B. 652). 


Guinea-pig. with vaccinia with 200 
and time herpes 1/1000. 1/10,000. 


titration. 
virus. 


abortive vesicles 


Allergic response 


Allergic response 
Control 


Experiment. II. 
Previous treatment 

1.3.28. Scarified hairy skin with vaccinia virus. 

9.3.28. 0°25 c.c. mixed vaccinia virus from strains subcutaneously. 
23.3.28. Tested with 100 M.V.D. vaccinia virus—allergic response. 
27.3.28. 0°5 vaccinia virus subcutaneously. 

Tested with 100 M.V.D. vaccinia virus allergic response, 
true vesicles. 
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Titration herpes virus. 10.5.28: 
Dilutions herpes virus (phosphate diffusate 
689). 


Guinea-pig. 
1/1. 1/10. 1/1000. 


The foregoing experiments reveal little difference between the results 
titration herpes virus normal and vaccinia-immune guinea-pigs and 
vaccinia virus normal and herpes immune animals. The slight differences 
that did occasionally occur certainly did not fall outside the experimental error 
inherent such method titration. Had the two viruses possessed any 
power conferring cross-protection one would have expected revealed 
these experiments. 


CROSS-NEUTRALIZATION EXPERIMENTS. 
Serum 
(obtained hyper-immunization guinea-pigs). 

(1) With vaccinia serum diluted 1/2 with M/50 phosphate 
solution was mixed with equal quantities various dilutions vaccinia 
virus and after standing for one hour room temperature the different 
mixtures were inoculated into guinea-pigs scarification. Controls were 


made which the antiherpes serum was replaced normal guinea-pig serum 
and also the phosphate diluent. The results are given below: 


Final concentrations vaccinia virus. 


(2) With herpes parts herpes virus diluted 1/100 (titre 
1/10,000) were mixed with falling amounts serum and the various mixtures 
inoculated guinea-pig after one hour room temperature. 


Serum. 


Final concentrations serum. 
Serum. 1/100. 1/200. 


Anti-Vaccinia Serum 


(Ve. Prepared the rabbit). 


(1) With herpes undiluted serum was mixed with equal parts 
falling concentrations herpes virus and the various mixtures inoculated 
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guinea-pig scarification after standing for minutes room tempera- 
ture. The herpes virus employed was phosphate diffusate with titre 
1/100. control was put with normal rabbit serum. 


Final concentrations virus. 


Serum. 
1/2. 1/10. 1/100. 


(2) With vaccinia parts virus diluted 1/50 (titre 1/10,000) 
were mixed with falling concentrations the serum and inoculated guinea- 
pigs after minutes room temperature. 


Final concentrations serum. 


1/2. 1/20. 1/100. 1/500. 


The anti-vaccinia serum Ve. was not very potent, failed neutralize 
however, possessed some neutralizing power even dilution 1/100 the 
absence any effect herpes virus must considered significant. This 
result finds support experiment carried out earlier with two anti-vaccinia 
sera for which are indebted Dr. Gordon. One these sera was 
extremely potent one prepared Dr. Gordon the rabbit. These two 
sera were used undiluted and were mixed with equal volume herpes virus 
1/10 (titre 1/1000). Controls with normal rabbit serum and phosphate were 
put and the presence virus the four tubes was tested for the usual 
way after the mixtures had stood for minutes room temperature. The 
result was follows: 


Result inoculation 


guinea-pig. 


The serum neutralization experiments fully confirm the results the cross- 
protection experiments the animal and require further comment. 


CONCLUSION. 
Evidence has been produced show that the viruses vaccinia and 
herpes febrilis are unrelated. 
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iodide not appreciably soluble water, but readily soluble 
aqueous solutions potassium iodide. Such solutions have not the 
corrosive action instruments tissues that characterizes the aqueous 
solutions mercuric chloride, and they have been very extensively employed 
disinfectants the belief that they would possess similar germicidal 
action. During the last four years one (W. B.) has made very large 
number experiments the disinfecting action mercuric iodide catgut 
the different stages its manufacture, and almost without exception the 
results have shown that whether aqueous solutions potassium iodide 
dissolved ethylic methylic alcohol, mercuric iodide cannot regarded 
disinfectant any marked power. full account these experiments will 
*be published elsewhere, but may briefly stated 

Clean, washed catgut ribbons were still infected after immersion for 
1710 days room temperature per 1000 mercuric iodide dissolved 
aqueous solution potassium iodide. 

Silk threads impregnated with bacterial spores were not sterilized after 
immersion aqueous solution mercuric iodide potassium iodide 
890 days room temperature. 

Silk threads impregnated with bacterial spores were not sterilized after 
immersion mercuric iodide ethylic alcohol 666 days room 
temperature. 

Silk threads impregnated with bacterial spores were not sterilized 
solution mercuric iodide alcohol 37°C. 470 days. 

these results are variance with much what accepted with regard 
the disinfecting action mercuric iodide, recourse was had chemical 
experiments with the object determining what chemical was played 

mercuric iodide tissue treated it. The information they afford seems 
leave doubt that throughout the process the molecular unity mercuric 
iodide remains When attached the tissue mercuric iodide 
attached unit still retaining its independent property solubility 
aqueous potassium iodide solutions which can again become detached. 
The experiments incidentally suggest that the mercuric iodide molecule has 
greater degree stability than has hitherto been suspected. 

Experiment 1.—3 gm. ordinary dry catgut were left contact with 
c.c. mercuric iodide aqueous potassium iodide for days room 
temperature, company with blank the same solution similar 
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conical flasks. the end the fortnight c.c. solution were removed 
from each flask, the mercury precipitated the collected tared 
filters, washed, dried and weighed. The weight HgS was converted 
the reaction flask showed per the difference 
was presumably attached the gm. catgut. The catgut this instance 
attached gm. per gram. 

attempting confirm the result the well washed 
catgut and estimating the mercury the resulting product, somewhat 
unexpected phenomenon was characteristic sublimate the red iodide 
rapidly collected the neck the flask and soon extended the funnel 
above. The iodide attached the catgut seemed therefore have retained 
its original constitution throughout. 

Experiment 2.—10 gm. moist catgut ribbons were immersed 100 c.c. 
the mercuric iodide solution for days 37°C. company with blank. 
the end the fortnight the solution contact with the catgut was 
decanted and the catgut ribbons remaining were then thoroughly washed 
running water for days. The respective mercury contents the blank and 
treated solutions were then determined, c.c. each being used this case. 
The difference was now found gm. the c.c. content 
per gm. catgut. the quantities and conditions were very different the 
two experiments the agreement the final figures for attached per gm. 
tissue seems near enough suggest something more than mere 
coincidence. 

The treated catgut ribbons were washed running tap water for days. 
the end this time the washings showed evidence mercury. 4°636 
gm. the moist washed catgut was placed Kjeldahl flask. addition 
Nordhausen H,SO, the mixture became very hot; red scales 
were subsequently observed the upper portions the flask and the 
point the loose funnel. The Kjeldahl treatment was then completed. 
When calculated from the mercury content the resulting solution, the 
attached the gm. catgut ribbon was found This 
represents only the portion attached which was successfully acted 
upon before could volatilize and the difference 
represents the portion which would have volatilized under the conditions 
the experiment from the whole gm. used. Less than ‘05 gm. should 
have come from the charge used. The amount would doubt vary 
different experiments and not practicable collect all the scales and 
obtain accurate weight, but the appearance was not inconsistent with this 
estimate. heavy substance and gm. does not mean large bulk. 

seems justifiable conclude that the mercuric iodide attached catgut 
does not dissociate; the whole molecule merely forming additive union with 
the tissue approximately the proportion indicated. 

Experiment 3.—The following experiment was undertaken determine 
whether the mercuric iodide attached catgut can removed when the 
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treated catgut washed with aqueous solution potassium iodide. Five 
gm. fresh catgut ribbons were immersed the mercury solution 
for days 37°C. company with blank. the end the week the 
solution contact with the catgut was The mercury contents 
the blank and the treated solutions were found respectively 0°58 and 
0°49 gm. per The difference, 0°09 gm. the quantity 
before (Exp. 1). The treated catgut itself was washed distilled water 
and then several changes potassium iodide during days. The collected 
washings (450 c.c.) gave clear evidence dissolved mercury. The catgut was 
therefore further washed with (2%) for days, then several changes 
distilled water 37°C. for hours, and finally running tap water for 
hours. The second collected washings gave only very faint evidence 
dissolved mercury. When the well washed catgut gm.) was 
subsequently Kjeldahlized with c.c. H,SO, red scales appeared 
as. had occurred the previous experiment. The operation was completed 
and the final product when cold was diluted c.c. Had the ‘09 gm. 


attached remained the tissue this solution should have contained 


part 1640, but tests which gave evidence 10,000 failed 
detect any trace mercury the Kjeldahl product. The attached iodide had 
apparently been completely removed from the tissue the washing described. 
estimate the present the washings showed that practically all 
the gm. was removed and retained the first washings. 

4.—To study the effect mercuric iodide bacteria alone 
the following experiment was made. flask gm. dead dry tubercle 
bacilli was placed with c.c. the solution; flask 0°5 gm. the 
same tubercle bacilli was placed with c.c. the same mercury solution. 
The flasks were corked and kept room temperature for months, and were 
occasionally shaken. The contents were subsequently filtered. From the 
filtrate the attached was deduced before. The tubercle bacilli were 
thoroughly washed with warm distilled water and were weighed 
sample was then Kjeldahlized and the product diluted and examined before. 
The results obtained from the two flasks showed some the 
available HgI, was gm., the residual was Therefore the difference 
attached the gm. bacilli was 0°023 gm. the available HgI, was 
gm., the residual was Therefore the difference attached 0°5 gm. 
bacilli was equlvalent ‘016 per gm. bacilli. red scales were 
seen initiating the Kjeldahl operation either case, but subsequently 
diluting the products and allowing stand, red solid gradually deposited 
and this was subsequently found was detected 
either solution. seems therefore that any initially attached the 
bacilli either removed washing volatilization during the 
process, may even retained the sulphuric acid solution, and 
deposited after dilution and standing. This feature was only observed 
however the instance above described. 
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DALE (in note attached paper Robertson, 1919) demonstrated the 
effect Vibrion septique toxin the rabbit’s blood-pressure, and showed that 
its action could blocked antitoxin. Straub (1919) and Lautenschlager 
(1920), working with toxin, stated that had action like 
that digitalis the isolated frog’s heart and that this action was blocked 
antitoxin. 

This communication deals with the specific action the toxins 
septique and smooth muscle from various animals, and the 
rabbit’s auricle. have also made some experiments these tissues with 
the toxins the diphtheria bacillus, Streptococcus and Shiga’s 
bacillus dysentery, but the present have failed demonstrate any 
specific action which can neutralized the appropriate antitoxic serum. 
Possibly these toxins have direct effect smooth muscle, may that 
the effect cannot demonstrated because they act slowly. The toxins 
septique and will kill animal few minutes, whereas the 


other toxins mentioned may take several days produce their specific effects. 
Diphtheria toxin, for example, will not kill animal under hours however 
large dose given (Glenny, 1925). 


(1) The Toxins Used. 


The toxins used were precipitates obtained saturating bacterial-free 
filtrate 40-hour broth culture with ammonium sulphate. Mr. Dalling 
kindly prepared these for us. solution containing mgm. per c.c. was 
made each day and kept the cold until required for use. was found 
that the toxin did not deteriorate appreciably under these conditions. 


(2) Method. 


Strips rabbit’s uterus have been used for most our experiments. 
large number pieces approximately the same sensitivity can obtained 
from one animal, and the tissue will remain active for several days kept 
ice. The strips are suspended bath containing Ringer’s solution 
kept 37°C. through which air oxygen bubbling. The effects are 
slightly different according whether air oxygen used. The 
contractions the muscle are recorded smoked drum. 

The effect the toxin most easily observed the spontaneous movements 
the muscle are allowed commence before the toxin put into the 
these spontaneous movements usually begin appear after the muscle has 
been the bath Ringer’s solution for about half hour. 
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The experiments the rabbit’s auricle were done the method Clark 
(1921), using borate Ringer (Trevan, Boock, Gaddum and Burn) 


VIBRION SEPTIQUE TOXIN 


WELCH TOXIN 


1.—The specific effect various doses septique and welchii the rabbit’s 
uterus. 0°3 1/10,000 adrenalin. Time-marker 5-minute intervals. Air bubbled 
slowly through the bath rate about bubbles per second; volume bath 

(3) Specific Action Toxin. 

Fig. shows the effect different doses the Septique and Welch toxins 
the rabbit’s uterus. Air was bubbled slowly through the Ringer’s solution. 


Small doses Septique toxin cause spasmodic contraction the muscle and 
diminution the size the spontaneous contractions. doses cause 
complete cessation spontaneous movements. each case dose 
0°03 adrenalin was administered. will seen that with 
increasing doses toxin the normal contraction adrenalin diminished, 
and after 120 mgm. has entirely disappeared. the toxin put into the 
bath before the spontaneous movements the uterus appear, there 
spasmodic contraction such shown the tracings Fig. The 
spontaneous movements, which occur normal strip uterus after 
has been left the bath for short time, not appear strip which 
toxin has been added; the response adrenalin diminished absent 
altogether. 

The action the Welch toxin much the same that the Septique, 
except that with small doses Welch toxin sometimes there spasmodic 
contraction the muscle (Fig. 1). The spontaneous movements become 
smaller and more frequent, and the effect adrenalin diminished. The 
effects both the Septique and Welch toxins are prevented mixing the 
toxin with the specific antisera (see later). 


(4) Effect Rate Bubbling. 


The effect the Septique toxin dependent whether oxygen air 
used for oxygenating the Ringer solution, and the rate which either gas 
through it. The toxin destroyed the bubbling, shown 
the following experiment 

c.c. Ringer’s solution containing mgm. Septique toxin were 
placed each tubes immersed bath Oxygen was bubbled 
through the first, air through the second, and hydrogen through the third. 
the fourth there was bubbling all. each the first three the rate 
was kept about bubbles second and the size the bubbles was near 
possible the same. the end three-quarters hour the contents 
the four tubes were transferred baths containing pieces the same uterus. 
The effect produced the uterus the contents the fourth tube was much 
greater than that obtained with the first three. These three all produced 
similar effects. The rate disappearance therefore is, nearly can 
judged, the same the first three cases, and since incubation 37° does not 
destroy the toxin, its disappearance can only due its removal the 
surface the bubbles, and its irreversible coagulation other destruction 
therein. This may similar phenomenon the irreversible coagulation 
produced bubbling gas through solution albumen. Shaking 
enzyme will destroy the activity. the bubbling air 
very rapid this quantity toxin mgm.) disappears completely 
minutes. 

This phenomenon makes necessary control the bubbling rate very 
strictly the action small quantities toxin demonstrated. For 
instance, obtain the effect shown for mgm. toxin Fig. the rate 
bubbling should slow bubbles per second. 

There further effect associated with the oxygenation the Ringer’s 
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solution. oxygen used instead air the spontaneous movements reappear 
about half hour after the spasmodic contraction produced small dose 
Septique toxin (see Fig. 4). The same dose toxin, when air used 
the same rate, stops the spontaneous movements entirely. This effect not 
due more rapid removal toxin the oxygen from the Ringer’s solution 
shown the experiment described the last paragraph, but due 
some difference the response the tissue the presence excess 
oxygen. 


(5) The Effect Washing Out the Bath with Fresh Ringer’s Solution 
after the Addition septique 


Washing out the bath with fresh Ringer’s solution will sometimes restore 
the condition the uterus completely this done immediately the toxic 
action appears. the washing out done later, e.g. minutes after the 
toxin has been added the bath, some return the normal rhythm occurs 
the adrenalin effect, however, not completely restored. The addition 
large dose serum this period will usually restore the condition completely 
(see later). Washing out during the latent period will not prevent the appear- 
ance contraction, although the muscle returns its normal condition after 
slight effect has been produced. 

When the muscle restored its previous condition washing out after 
the action the toxin, second dose identical with the first produces very 
similar effect. The desensitization described later not seen the same 
degree. 

the work Sir Thomas Lewis and his colleagues the 
resemblance between the effect the injection histamine into the skin and 
the response noxious stimuli, thought that the contraction the 
muscle might due histamine liberated from the early stages the 
action the toxin. tried the action the Septique toxin the rat’s 
uterus, and although histamine relaxes the muscle this animal, the contrac- 
tion after the toxin was the same character the rabbit. 

Histamine therefore probably not factor this action. 


(6) Unspecific Action. 


Boiling solution Septique toxin for minutes destroys all action 
the toxin the uterus the dose toxin less than 100 mgm. With doses 
over 100 mgm. this particular toxin, boiled for minutes, temporary 
increase tone with slowing the spontaneous movements occurs. Boiling 
solution Welch toxin for hours destroys all action for doses 
mgm. and under. There appears more substance 
this toxin than the case our Septique toxin. Fig. shows these 
effects produced large doses boiled toxins. They are clearly 
different from the effects the specific constituents, and are not prevented 
the specific antisera. Probably they are not due small amounts the 
substance undamaged the boiling but constituents from the 
broth, such peptone. 
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(7) Latent Period Action. 


Fig. shows also that the latent period the action Septique toxins 
varies very considerably with the dose used. dose mgm. 
has latent period approximately minutes, whilst dose 120 mgm. 
has latent period about minute. similar effect shown simpler 
drugs. For example, the action adrenalin bath the 
same size has the following latent 


BOILED 


mgms BOILED WELCH 


2.—Unspecific effects produced large doses boiled toxins. Air bubbled slowly 
through the bath. 


Adrenalin dose. Latent period. 
1/1000 mgm. secs. 


possible that the shorter latent period the action adrenalin due 
its molecule being smaller than that the toxin; this would allow 
diffuse into the muscle greater speed. 


(8) Effect Toxin the Small Intestine and the Auricle. 


The effect the Septique toxin strips isolated rabbits’ small intestine 
suspended oxygenated Ringer’s solution very similar the effect the 
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uterus. The muscle contracts and the spontaneous movements cease; the 
action prevented addition adequate dose the appro- 
priate serum. Isolated rabbits’ auricles were suspended oxygenated Ringer’s 
solution, and the contractions registered smoked drum. effect the 
Septique toxin such preparation shown Fig. There sometimes 
temporary increase the rate beat, and, very occasionally (once 
experiments), its size, after which the beat slowly diminishes and finally 
ceases. Large doses adrenalin (at the chart) cause slight reappearance 
the beat. Washing out with Ringer’s solution does not produce return 
the rhythm. mixture toxin with adequate amount specific serum 
has action the auricle. claimed that the action his 
toxin the frog’s heart was exactly similar that the digitalis group, but 
this not true for the action Septique toxin rabbit’s auricle. The 
rabbit’s auricle always shows increased height contraction the first 
result the administration the drugs the digitalis series. 


containing Ringer’s solution. mgm. Rapid bubbling with 
oxygen used. 


(9) The Concentration the Toxin Necessary for Various Effects. 


The concentration produce effect the isolated auricle appeared 
about the same that necessary produce action the intestine 
the uterus. accurate comparison has not yet been attempted. have 
found, with Lautenschlager, that when post-mortem examination made 
animal which has recently died the toxin, the ventricles have ceased 
beating whereas the auricles continue beat. Probably the ventricle 
slightly more sensitive than the other tissues, although experiments have 
yet been done with isolated strips ventricle. 

Table shows comparison the concentration toxin used the bath 
with the concentration the serum rabbits injected with the toxin 
intravenously. The latter figures were calculated basis the blood 
volume being the body-weight and the blood consisting and 
serum. 

will seen that the minimum concentrations are very similar the 
two cases. 


mgms 


Effective Concentration septique Toxin when 
Injected into Rabbits Intravenously and when added Bath containing 
Isolated Strip Uterus. 


Rabbits Intravenously. Isolated Uterus. 

Result and death time Concentra- Latent 
mgm. tion animals each tionmgm. 
per per dose). bath per 
kilo. serum. mgm. Ringer. 

min. respectively 
min. respectively 
min. respectively 
0°057 Both died overnight. 0°06 
0°027 Both lived. 0°45 0°03 effect. 
0°014 
0°007 


Intravenous injection solution toxin into mice weight 15-25 
gm. 


period 
effect. 


The mouse M.L.D. the Welch toxin have been using about 
mgm. for 20-gm. mouse. 


indicates death. indicates survival. 


(10) Desensitization septique Toxin. 


When oxygen used for aerating the bath the effect the toxin the 
muscle disappears about half hour (this referred earlier). 

The following experiment (Fig. shows the effect subsequent doses 
after this recovery has taken place. 

When two similar strips uterus, hereafter called and (see Fig. 4), are 
suspended baths containing Ringer’s solution, and 7°5 mgm. 
toxin added both baths, contraction with cessation the spontaneous 
movements occurs both strips half hour both strips have 
regained their normal rhythm. Another dose mgm. toxin added 
the bath containing the strip uterus then produces effect the muscle. 
After further interval hour 40-mgm. dose put into both baths produces 
slight effect the strip bath but this was not great would have 
been previous dose had been given. effect all appears the case 
strip dose mgm. Welch toxin was added the bath con- 
taining the desensitized uterus effect was produced, whereas dose 
adrenalin produced the usual effect. air was substituted for the oxygen 
used for the bubbling during this experiment the spontaneous contractions 


= 
\ 
a 
a 


ACTION TOXINS ISOLATED ORGANS, 189 
ceased. (If the bath containing the desensitized uterus was washed out with 
fresh Ringer difference the desensitization was seen.) 

strip uterus left bath oxygenated Ringer’s solution for 
corresponding period without addition toxin did not show this desensitization. 

Successively increasing doses the Septique toxin therefore produced 
desensitization both Welch and Septique toxins: The phenomenon was 
only obtainable when the oxygen tension the fluid was high. Formolized 
toxin, and toxin destroyed bubbling, failed produce the desensitization. 

While this effect some respects similar the immunity produced 
the whole animal the result repeated injections toxin, has the following 
points difference 

(1) The desensitization depends the tissue, whereas the 
immunized animal did not appear any less sensitive than that 
normal animal (see later). 


TOXIN TOXIN TOXIN TOXIN 
MINUTES 


7°5 mgms TOXIN 


TOXIN 
TIME 135 150 MINUTES 


4.—Desensitization septique toxin. The effect produced the initial dose not 
repeated the later and larger doses. Rapid bubbling with oxygen used. (The white 
lines indicate that the tracing interrupted.) 


(2) not specific that muscle desensitized Septique also 
desensitized Welch toxin. 

(3) did not appear produced doses formolized toxin. 

(4) The time taken produce the effect was very much shorter than 
the case the whole animal. 

Other drugs will produce desensitization subsequent and similar doses, 
e.g. pituitary acting the blood-pressure animal, for here also second 
dose fails produce effect follows closely the first. 


(11) Effect 


the Septique toxin mixed with adequate amount the appropriate 
anti-serum, and the mixture allowed stand for periods varying from minute 
hour before use, the uterus fails contract. Doses toxin amounting 
times the minimal effective dose* can completely neutralized this 


minimal effective dose the dose toxin alone which will just produce effect the 
uterus, 


manner. larger doses are used the “non-specific” effect previously mentioned 
obtained. 


Titration.—The titration serum for antitoxic value can carried out 
follows: Doses mgm. our toxin (about times the minimal effec- 
tive dose) are mixed with varying quantities serum, and the volume made 
This mixture warmed 37°, and added the bath containing 
piece uterus showing spontaneous contractions. Air used for aerating 
the solution during this experiment. The amount serum varied until 
two mixtures differing 20-25% are found, one which produces toxic 
effect and the other does not. Fig. shows the result this experiment, and 


OF TOXIN 
VIBRION SEPTIQUE 


mgm 


TOXIN "75m ms 
SERUM 


SERUM 


titration Septique serum and toxin (the amounts serum differ 26%). 
Air was bubbled rapidly through the bath rate bubbling not controlled. 


Table gives the comparison with the determination the dose obtained 
injecting toxin-antitoxin mixtures intravenously into mice. 


TABLE Titrated Against Serum 2441. 


Mice (by Intravenous Injection). 
Deaths out mice Proportion serum 


Mixture injected. used for each dose. mgm. toxin. 
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Isolated Uterus. 


Mixture used. Result. 
” + 0°0132 ” ” ” . 0°00018 
” ” + 0°0167 ” ” . Small ” . 0°00022 


WELCH SERUM 


TOXIN ISmgms + O-!c.c. 


TETANUS SERUM 


CEDEMATIENS SERUM 


SERUM 


6.—The specific effect septique serum. The blocking the toxic effect produced 
normal Air was bubbled rapidly through the bath; rate not controlled. 


clear that uteri from different rabbits vary their sensitivity 
the toxin, then the apparent neutralization value the serum will vary. Such 
variations neutralizing value have observed with different rabbits are 
not greater than 25%. possible that these differences are due differences 
the rate bubbling. The error produced could entirely avoided 
putting simultaneous titrations standard serum and the unknown 


serum pieces uterus from the same rabbit, and assigning neutralizing 
value terms the dose the unknown which produces the same effect 
another dose the standard. 

Fig. shows the specificity the reaction. Whereas 0°004 c.c. Septique 
antitoxin neutralizes the specific toxin, times much anti- Welch, tetanus, 
diphtheria antitoxins normal serum fails neutralize the 
effect. was also shown that normal rabbit’s serum had effect 
neutralizing the specific toxin. 

have worked out neutralization curve for Septique toxin, the results 
which are given The amounts toxin left 
mixtures mgm. toxin with various quantities serum were estimated 
comparing the effects produced such mixtures with those produced 


PERCENTAGE TOKIN NEUTRALISED 


c.c. SERUM ADDED 


7.—Neutralization curve for septique toxin and serum. The ordinates are the 
quantities free toxin estimated percentage the total toxin used (i.e.75 mgm.). The 
are the quantities serum measured c.c. added mgm. toxin. 


small doses toxin alone similar strips the same uterus. Where the 
amount serum was small that more than maximal contracting dose 
toxin was present the mixture, fraction the mixture only was added 
the bath. The estimated amounts toxin left unneutralized, expressed 
percentage the whole quantity toxin used, are plotted ordinates the 
curve shown Fig. against the corresponding quantity serum abscisse. 
The length the vertical lines estimate the error the determination. 
The shape this curve suggests that there large amount toxoid present 
the toxin neutralization diphtheria toxin, Glenny, Pope and 
Waddington, 1925). 

Effect adding serum after toxin.—We have done some experiments 
show the effect putting the toxin and the serum into the bath separately 
various intervals time (Fig. 8). The dose Septique toxin used these 
experiments was mgm. was found that c.c. serum mixed with 
this amount toxin before addition the bath completely blocked the toxic 
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effect (Fig. No. 1); 0°004 c.c. therefore called the serum for 
this toxin. Fig. No. shows the effect mgm. toxin alone. 
the serum put minute after the toxin (No. 3), 
during the latent period action the latter, toxic effect appears. 
not great, however, when serum added after the toxin (No. 2). 
after the toxin, the toxic effect blocked completely; trace effect 


TIME | MINUTE 


8.—At (in all tracings) mgm. septique toxin added. No. 1:15 mgm. 
toxin “equivalent” serum mixed together for one minute before adding bath. 
No. mgm. toxin alone. No. mgm. toxin, then “equivalent” serum one minute 
afterwards. No. mgm. toxin, then “equivalents” serum one minute afterwards. 
No. mgm. toxin, then “equivalents” serum minutes afterwards. No.6: mgm. 
toxin, then “equivalents” serum minutes 1-minute 
intervals. Air was bubbled slowly through the bath 2-3 bubbles per second. 


appears. The action the serum much more complete than the simple 
renewal the Ringer’s solution (cf. Section 5). 

was found that larger amount serum added the bath minutes 
after the toxin, when the action the latter appeared have reached its 
maximum, would produce reversal the effect the toxin and apparently 
normal rhythm would recur (No. 6); equivalents the serum (No. 
would this minutes, whereas equivalents (No. produced only 


slight return the rhythm minutes. reversal the effect 
the toxin has been produced adding serum minutes after the toxin. 

view the fact that the toxin can washed out with Ringer’s solution 
(Section and that serum restores the normal rhythm after the toxic effect 
produced, would seem that the the toxin for the tissue not 
much greater than its for the serum. The toxin does not become 
firmly fixed the tissue. However, very much more serum necessary 
reverse the toxic effect (Fig. No. than would necessary block 
the serum were mixed with the toxin beforehand (No. difficulty 
catching dose toxin with serum may largely due the serum 
being able penetrate the tissue only extremely slow rate compared 
with that the toxin. Presumably the antitoxin larger than 
the toxin and penetrates more slowly. 

have putting the serum into the bath minutes before the 
toxin. this case the action the toxin slightly greater than would 
the case the same quantities toxin and serum had been mixed before 
being put into the bath. The slightly greater action the toxin this case 
with the serum dilute solution, that free toxin allowed penetrate 
into the tissue. Further evidence this phenomenon was obtained adding 
dose toxin with serum the bath simultaneously, 
without previous mixing, when slight toxic effect was obtained. 


(12) The Titration Welch Antitoxin. 

have titrated three sera for their content Welch antitoxin, using 
method similar that described for Septique paragraph 11. 

Table III shows the results with all the Welch and Septique 
sera titrated this method and intravenous injection into mice. 

titration Welch serum shown Fig. will seen from the 
figure that diminution the response adrenalin can used 
indication the toxic effect produced; this method useful the case 
uteri which not give regular spontaneous movements. 

The titration Welch toxin and serum this method not quite 
accurate the titration Septique toxin and serum. For instance, when 
this titration was done the uterus, the results for which are shown 
Fig. mixture mgm. toxin with 0°004 c.c. the serum (No. 2782) 
gave toxic effect, whilst mixture mgm. toxin with c.c. the 
serum showed toxic effect; mgm. toxin with 0°005 c.c. serum 
sometimes showed toxic effect, and sometimes produced effect nearly 
great that mgm. ‘004 serum. other uteri out the 
which used for this titration gave the neutralizing value for the serum 
between 0°003 and c.c. for mgm. toxin; the other uteri gave 
similar result that shown the figure. 

The reasons for this variation appear follows: 

(1) not possible use large number minimal effective 
doses the toxin the titration. Our Welch toxin 
“test-dose” the dose toxin which mixed with varying quantities serum 


making the titrations for antitoxic for the titration shown Fig. the test-dose 
Welch toxin mgm. 


contains relatively larger quantity material than 
our Septique toxin (para. 6). 

(2) The uteri from different animals appear vary more their 
sensitivity Welch toxin than they Septique toxin. 

The maximum Welch toxin which was found 
use the titration was mgm. The minimum effective dose Welch 
toxin has not been determined for large series rabbits, but mgm. 
produced distinct effect the case some animals, whereas the uteri 
from two other animals failed react mgm. toxin. 


TABLE Results Toxin and Sera. 


Toxin. Serum. isolated rabbit’s 


mice. 


Septique 


2441 
anti VST 
2441 
anti VST 


2639 

anti VST 
2756 

anti VST 
2782 

anti Welch 
2748 

anti Welch 


0°00019 
0°00062 


uterus. 
0°00021 
0:00052 


0°0001 
0°00015 


2756 0001+ 
anti VST 0°003 0°0025 


indicates death both mice (two used each dose); toxic reaction uterus. 
one out two mice. 
both mice live; action uterus. 


The test-dose Welch toxin therefore equivalent about minimal 
effective doses the case the more sensitive uteri; this figure compares 
unfavourably with the Septique test-dose, which equivalent about 
minimal effective doses for Septique toxin. would appear that this method 
would not satisfactory for the routine estimation Welch sera unless 
Welch toxin with relatively smaller quantity material was 
available; else standard serum would have put each uterus 
used and the unknown serum compared with it. 

When were titrating this serum (No. 2782) for Welch antitoxin, found 
that fast stream small bubbles was used for aerating the bath toxic 
effect the muscle was produced, although the amount serum used might 
greatly excess (up five times the amount) that required neutralize 
the toxin slow bubbling was employed. would appear that the serum 
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was being removed and destroyed the film the bubbles faster rate 
than the toxin, the between the two being split and the 
mixture becoming more toxic. This effect has not yet been investigated with 
other sera. was only possible obtain consistent results with this Welch 
serum using slow stream large bubbles air; the rate was kept 
between and bubbles second. 


(13) Specificity the Welch and Septique Sera this Reaction. 

was found that c.c. Welch serum 2782 would not protect against 
3°7 Septique toxin, whereas 0°006 c.c. this serum protected against 
mgm. Welch toxin. 

Similarly c.c. specific Septique rabbit serum would not protect 


FIG. 


Fic. 9.—The titration Welch toxin and serum. (1) mgm. Welch toxin 
Welch serum; (2) mgm. Welch toxin Welch serum; (3) mgm. Welch toxin 
cc. Welch serum. case mgm. adrenalin. Air was bubbled slowly 
through the bath; rate 1-2 bubbles per second. 


against mgm. Welch toxin, whereas protected against mgm. 
Septique toxin. 

(All the Septique horse-sera available contained Welch antitoxin when 
tested mice intravenously and the isolated uterus.) 


(14) Experiments Immunized Animals. 

immunized rabbits with Septique toxin-antitoxin mixtures. The 
first had injections each, the second weeks after the first, and 
the third week after the second; the serum this rabbit was titrated 
against Septique toxin intravenous injection into mice and the following 
results obtained 

mgm. toxin 0°3 serum 
0°8 ” ” ” ” LL 


” ” 
(The letter indicates mouse which died. lived.) 
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Another rabbit had injections; the fourth dose was injected 
days after the third. 

The serum gave the following results 
mgm. toxin 0°3 serum 


” ” 


The third had further injections and respectively further 
7-day intervals, making total injections. 
The results with the serum 
mgm. toxin 0°3 serum 


All rabbits were killed days after the last injection, and the uteri were 
tested the bath with small doses Septique toxin. 

The minimum dose Septique toxin necessary give effect the 
uteri these rabbits the bath was found the same that for the 
normal rabbits done the same time. the time these experiments were 
done the effect the bubbling removing the toxin was not appreciated, 
and small differences might not have been noticed. With this reservation 
isolated uterus immune animal would not appear less sensitive 
the toxin than that normal animal. 

Another rabbit had injections T.A. mixture. The serum gave the 
following results mice: 

0°5 serum mgm. toxin 
01 ” ” 


” 


” 


” 


The auricle from this rabbit when washed free serum reacted the 
septique toxin the same way normal rabbit’s auricle under the same 
conditions. Strips small intestine from this animal reacted the same 
doses toxin those from normal animal. would appear that these 
tissues immune animal are not protected against the toxin when they 
are separated from the serum. 


Mr. Mason kindly consented immunize these rabbits and titrate the sera 
for us. Our thanks are due Mr. Dalling, Mr. Mason and Mr. Glenny for 
advice and materials used these experiments. 


SUMMARY. 


vitro are described. 

The toxin septique shown destroyed bubbling air 
oxygen hydrogen through its solution. 

The action septique toxin shown reversible washing 
with Ringer’s solution and adding large amount serum, 


0°04 ” ” ” ” 
: 
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The concentration toxin producing effects smooth muscle 
aerated Ringer’s solution shown the same order that the blood 
rabbit receiving average lethal dose. 

small dose septique toxin added bath oxygenated 
Ringer’s solution containing piece uterus renders the tissue insensitive 
the action larger doses either septique toxin. 

The important part the action the two toxins specific that 
they are neutralized the appropriate antisera and not other antisera. 
There trace non-specific toxic material both toxins. 

using this effect titrations antitoxin potency sera have been 
carried out. Differences 20% the sera neutralizing mixture can 
determined. The end-point approximates closely that given the 
determination dose mice. 

Rabbits were immunized against septique toxin. The uteri from 
these rabbits reacted the toxin the same way normal uteri. The 
minimum dose was about the same. 
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the chemical constituents bacteria have shown that their 
powers provoking specific antibody formation are due the presence 
specific antigenic substances. 

Weil and Felix, followed other workers, particularly Arkwright (1927), 
showed that the rapid massive agglutination motile bacilli coli-typhoid 
group) appropriate immune sera due reaction with special antigen 
contained the flagella. This antigen heat-labile, being destroyed 
exposure temperature 100°C. for minutes. 

The bodies these bacilli, whether flagellated non-motile, contain 
heat-stable specific antigen which resists temperature 100°C. for hour. 
When motile bacilli are heated destroy the flagellar antigen they will still 
agglutinate the addition immune This agglutination 
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different character, being slower and more granular nature, and the 
type seen agglutination non-motile bacilli. 

When typhoid bacilli are disintegrated autolysis old broth cultures 
saline suspensions, these specific antigens are freed and may obtained 
solution. They are precipitated the addition alcohol 75% strength, 
and acetone rather less concentration. Such typhoid solutions, cleared 
centrifuge filtration, and injected intravenously rabbits, provoke 
antibody response similar that produced injection the bacilli themselves. 
Thus the serum will agglutinate both heated and unheated bacilli, and also 
cause precipitation antigen from heated and unheated solutions the 
bacilli. Injection heated typhoid solution leads the production antibody 
the heat-stable somatic antigen only. 

From the pyogenic cocci and few other bacteria heat-stable specific 
have been obtained. Avery and others have isolated from the 


various types pneumococci and pneumo-bacilli substance extraordinary 


detected the precipitin reaction given the appropriate immune serum 
(Avery and Heidelberger, 1925; Goebel and Avery, Only virulent 
contain these specific substances, and react with immune serum 
the type concerned. type anti-pneumococcus serum treated with 
solution the corresponding specific substance loses both its precipitin and 
agglutinin, and longer has any protective influence mice. 

Toennisson (1921), Avery and other workers have isolated specific substance 
relatively pure state, free from protein, and have shown that complex 
carbohydrate. hydrolysis different sugar groups have been obtained from 
the three main types pneumococci (Heidelberger and Avery, 1924). 

This specific substance obtained from pyogenic cocci and from the pneumo- 
bacillus corresponds the somatic antigen the coli-typhoid group its 
reactivity immune serum, heat stability and solubility. But the most 
important property—that antigenic entirely fails. For solutions 
separated specific substance derived from pneumococci are quite inert 
injection, having antigenic nor toxic properties. Although the sera 
animals injected with intact organisms acquires the property reacting with 
specific substance, this substance itself appears non-antigenic. 

This lack antigenic power not dependent series chemical 
manipulations the preparation the purified product. Simple solutions 
pneumococcus bile, solutions obtained the disintegrating influence 
freezing and thawing organisms (Avery and Morgan, 1925), the 
solvent action the natural lysozyme described Fleming, alike show this 
absence specific effect injection (Allison, 1925). Simple made 
from streptococci and from staphylococci appear just inert those prepared 
from pneumococci. 


OBJECT AND METHODS INVESTIGATION. 


The object the present investigation was study the dissociation 
specific substance from bacteria vitro, and endeavour obtain 
active antigenic Since the injection intact bacteria provoked antibody 
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formation the specific substance, was certain that the latter was liberated 
antigenic form vivo. 

For this purpose number different organisms were taken: Bacillus 
typhosus, Staphylococcus pyogenes aureus and two types hemolytic strep- 
tococcus, including scarlatinal form. 

Anti-sera these bacteria were prepared intravenous injection heat- 
killed organisms into rabbits. 


From the bacteria chosen solutions were prepared various ways: 


(a) autolysis broth cultures and saline suspensions 
living and killed bacteria. 

(b) grinding killed bacteria Hayden’s mortar. 

(c) extracting with distilled water, acids and alkalis. 

(d) dissolving bacteria completely through successive applications 
and then neutralized sodium thiosulphate and acid. this way 
series fractional parts was obtained. 


All the solutions made were centrifuged clear, the adjusted 7°2, 
and preserved the addition carbolic acid 200) formol 2000). 
They were tested for the presence specific substance the precipitin 
reaction obtained the addition the appropriate anti-serum. 

For this test one volume the bacterial extract was taken with sterile 
pipette and mixed with equal volume pure immune serum sterile 
paraffined slide. The mixture was then drawn capillary tube, which 
was then sealed both ends and stuck upright plasticine rack. most 
cases the precipitate had settled enough permit final reading hours. 
The size the precipitate was measure the strength the reaction, and 
was controlled when necessary further tests with diluted immune serum 
when the precipitate was very large, using two volumes pure 
serum. The tests were performed throughout room temperature, for was 
found that certain amount solution the precipitate might occur 
blood-heat. 

testing solutions the different bacteria this specific reaction, was 
found that reactive substances were most readily extracted from typhoid bacilli, 
but could only obtained from streptococci thorough disintegration. 

the action successive applications dilute antiformin was found 
possible extract all the specific bodies from typhoid bacilli and staphylococci, 
that they were longer agglutinable their anti-sera. Such treated 
bacteria appeared smaller, and the case staphylococci had entirely lost 
their Gram-positive character. 

The antigenic activity solutions bacteria, prepared and tested 
described above, was determined the results intravenous injection 
rabbits. rule they had been cleared solid remnants prolonged cen- 
trifugalization, for was found impracticable filter small quantities 
solution since the filter material absorbed all the specific substance present. 
The efficiency the centrifuge method was shown monotonous failure 
induce antibody formation injection solutions cocci, 
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INERTNESS COCCAL SOLUTIONS. 


Injection the solutions confirmed the previous observations recorded. 
All solutions typhoid bacilli proved active injection, while similar solutions 
made from staphylococci and streptococci were inactive. 

Under these circumstances was necessary consider how the dissociation 
specific substance from bacteria vitro might result loss antigenic 
power. Two alternative theories explain this inactivation 
vestigation 

(a) That the antigenic activity specific substance depends the 
attachment accessory group, probably protein nature, and that 
this compound broken solutions bacteria made vitro. 

(b) That the antigenic activity specific substance resides 
molecular group which readily destroyed the action enzymes 
liberated disintegration the cocci. the body these enzymes 
become neutralized, and the natural antigenic state specific 
substance conserved. 


(a) Dissociation Specific Substance from Protein. 


The view that the attachment protein group might necessary for 
the antigenic action specific substance was suggested the Rockefeller 
workers. Such group must very easily detached destroyed, since 
solutions cocci made the simplest way were inactive injection. 

Similar solutions staphylococci those already 
described were prepared and treated with weak acetic acid. This precipitated 
the nucleo-protein which carried down specific substance with it. The 
combined precipitate was redissolved saline, neutralized with alkali and 
cleared centrifuge. But injection these preparations failed provoke 
the desired response. 

determine whether the presence protein was necessary for the 
antigenic action bacterial substances, further experiments were carried out 
typhoid bacilli. 

Typhoid bacilli heating 60°C. for hour were extracted 
saline for hours room temperature and the suspension then cleared 
centrifuge. this extract acetic acid was added precipitate the trace 
protein present: The solution was then centrifuged clear, neutralized and 
injected. The dose given proved excessive and affected the rabbit’s health, but 
its serum showed strong response week later, both for agglutination (to 
titre 1/1500) and precipitin action. had similar action typhoid bacilli 
and solutions that had been heated 100°C. for minutes destroy the 
flagellar antigen. 

exclude better the presence loose protein compound, typhoid 
bacilli were killed minutes’ exposure 50% alcohol and then kept 
saturated picric acid watery solution for hours. After grinding this 
acid the fluid was centrifuged clear prolonged spinning. The clear picric 
extract was then treated with volumes alcohol. small precipitate 
formed, which was collected, dried, dissolved carbol-saline and again centri- 
fuged. injection this protein-free extract gave good response 
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the former experiment, and both the flagellar and the somatic heat-stable 
antigen. 

These tests showed that the activity the antigens was not apparently 
affected exposure acids. Further experiments showed that solutions 
bacilli dilute antiformin (10%) were active injection, were also solutions 
antigen treated with decinormal caustic soda solution for minutes before 
neutralization. 

was thus evident that the activity typhoid antigen was independent 
any loose protein attachment and that was quite stable body. 
analogy was unlikely that the heat-resistant specific substance other 
bacteria was dependent the attachment easily dissociated group 
supply its antigenic function. 


(b) Possible Effect Bacterial Enzymes Specific Substance. 


The recent demonstration the extremely rapid combination between 
trypsin and insulin form inactive compound soon these substances 
meet solution, suggested that bacterial enzymes might similarly attack 
specific substance liberation. 

the case staphylococcic solutions the presence proteolytic enzyme 
was suggested alteration the nature the protein present. Whereas 
the nucleo-protein from streptococci was precipitated from neutral solutions 
the addition equal volume 0°5% acetic acid, twice this strength 
more was required precipitate protein from staphylococcic solutions. When 
solution staphylococci was kept for few days the difference became 
greater. This alteration the nature the protein was also seen fractional 
solution staphylococci made dilute antiformin. 

This evidence the interaction enzyme with the protein constituent 
the staphylococcus disintegration, suggested that the complex carbo- 
hydrate structure the liberated specific body might similarly affected. 
was therefore necessary investigate methods which the action enzymes 
might prevented during immediately after the extraction bacterial 
constituents. For this purpose staphylococci were chosen for material, since 
specific substance was not readily obtained from the streptococci. 

The first methods tried were similar those employed for the extraction 
insulin from pancreas, the use watery solutions picric acid and 
alcohol strengths from 50%. Staphylococci were kept and ground 
these solutions, which were then cleared centrifuge and treated with 
excess alcohol precipitate specific substance from solution. The 
precipitates obtained were dissolved formol saline, cleared centrifuge 
and injected intravenously into rabbits, but without effect. Although the 
picric method had succeeded with typhoid bacilli, this reagent and alcohol had 
little disintegrating effect staphylococci, and appeared that the coagulation 
the protein the cocci produced these reagents minimized their use 
extractives. 

Under these circumstances was determined try 
solution ammonium sulphate extractive, since this agent precipitates 
proteoses and enzymes without the risk locking material coagulated 
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protein. was found that living staphylococci placed this solution long 
preserved their vitality and normal appearance, but when killed, preferably 
brief exposure 50% alcohol, underwent disintegration. rule took 
least week room temperature produce decided loss Gram-positive 
staining, but rather less 48-hour culture staphylococci were taken instead 
young growth. 

recover any freed specific substance from the ammonium sulphate 
solution (cleared centrifuge) its property adsorption 
Experiments with protein-free typhoid solution which remained clear after 
the addition equal volume saturated ammonium sulphate solution, 
showed that the antigen could almost completely recovered its adsorption 
protein precipitate obtained the addition drop two serum, 
solution bacterial nucleo-protein with little acid. 

Accordingly the second part fractional antiformin solution 
staphylococci (which was rich protein) was heated 100°C. for minutes 
destroy enzymes, and added clear extract staphylococci half 
saturated ammonium sulphate. the addition drop two dilute 
sulphuric acid good precipitate was thrown down; this was collected and 
redissolved saline. This solution showed the presence little specific 
substance testing against immune (vaccine) serum. 

Intravenous injection rabbit this solution provoked satisfactory 
response, the serum taken week later agglutinating staphylococci dilutions 
1/160. 

Repetitions this experiment were not successful, and was obvious 
that the method retarded the disintegration staphylococci which was 
essential. 

For further investigations alternative use ammonium sulphate, viz. 
precipitant, was tried. ensure the presence sufficient precipitable 
protein carry down liberated specific substance, dilute broth medium was 
chosen for the disintegration the cocci. Also was thought advisable 
keep the solutions the acid side throughout, since the successful former 
process had been acid medium. 

Staphylococci, killed brief exposure 50% alcohol, were washed and 
ground slightly acidified broth, the suspension cleared centrifuge and the 
extract precipitated the addition equal volume saturated ammonium 
sulphate solution. 

This precipitate was collected and treated with acidified 50% alcohol, which, 
however, failed remove specific substance. But second extraction 
the precipitate with formol saline solution was obtained which gave 
precipitin reaction with immune serum. Injection this solution showed the 
presence active antigen, since the agglutination titre the serum taken 
next week reached 1/160. 


SEPARATION ACTIVE SPECIFIC 


Direct 


From the above experiment appeared that might possible 
separate active specific substance the direct action alcohol. Tests made 
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protein-free solutions typhoid showed that the antigenic substances were 
almost wholly precipitated addition equal volume alcohol, provided 
the solution was first rendered slightly acid. Acetone equal volume had 
more powerful effect, since brought down the antigens from neutral solution. 
Larger proportions these two reagents caused complete precipitation 
the antigens. 

secure disintegration considerable quantity staphylococci the 
method autolysis was tried, since microscopical examination had shown 
only small proportion cocci ground wet mortar had been disintegrated. 
Unfortunately the first experiment performed was faulty and led wrong 
interpretation the result. This experiment was follows: 

Staphylococci grown agar slope for hours were washed off with 
sterile water and this suspension equal volume broth was added. The 
suspension was incubated 37°C. for two days, centrifuged, and the super- 
natant fluid removed and heated 80°C. for minutes. This heating was 
for the purpose destroying surviving cocci and free enzymes. One ninth 
its volume 1/20 carbolic was added and the solution divided into two equal 
parts. Half was kept control, and the other half trace acetic acid 
and equal volume acetone were flocculent precipitate formed, 
which was collected centrifuging next day, dried and taken carbol 
saline. 

This preparation and the control solution were centrifuged get quite 
clear and injected intravenously into two rabbits. Only the animal injected 
with the acetone preparation responded developing agglutinin; its serum 
taken week later acted titre 1/80. 

This experiment made appear acetone had activated inert solution. 
Subsequent experiments showed that larger proportions acetone alcohol 
neutral solution were equally effective precipitating active specific 
substance from suspensions staphylococci undergoing autolysis broth 
diluted broth. 


Mode Action Alcohol and Acetone. 


Further experiments were made similar lines, but varying the medium 
employed for the autolysis staphylococci. staphylococci 
saline only were incubated for days, which time the great majority 
the bacteria were reduced Gram-negative shadows. Preparations made 
precipitating these suspensions (cleared centrifuge) with alcohol acetone 
proved inert injection. appeared that the yield active antigen, 
tested injection, was not proportionate the amount disintegration 
the cocci. fact better results were obtained when only moderate degree 
autolysis had occurred. 

determine this point better, suspension staphylococci was made 
broth diluted with equal volume saline and incubated. One-third the 
suspension was removed hours, centrifuged, and the supernatant fluid 
once treated with two volumes acetone. The resulting precipitate was 
dried and dissolved formol-saline and centrifuged clear insoluble material. 
similar quantity was taken from the incubating suspension after three days 


~ 


| 
4 1 
3 
| 


ANTIGENIC SUBSTANCE FROM STAPHYLOCOCCUS. 205 


and treated like manner, while the remaining third was dealt with similarly 
after six days’ incubation. 

These three preparations were injected intravenously into three rabbits and 
their sera compared week later with the following 


Agglutinating titre. 


Preparation. 
Before. After. 


This experiment clearly showed that specific substance was liberated within 
hours but was inactivated further incubation. appeared, indeed, have 
been destroyed and not merely inactivated, since the solutions injected, when 
tested against immune serum, gave precipitin reactions only the case the 
two. 

Microscopical examination the portions the incubated suspension 
removed the stated intervals showed 

After day: About half the cocci Gram-positive, the other half 
Gram-negative but staining well with the counterstain. 

After days: Only proportion Gram-positive cocci. The 
remainder were reduced shadows. 

After days: Gram-positive cocci only. 

appeared, therefore, that only resistant cocci survived, and that 
numbers the weaker sort had been entirely destroyed. 

This destructive action living staphylococci freed specific substance 
once stopped the bactericidal effect alcohol acetone the 
concentration necessary for the precipitation the substance. 

was evident that, the original experiment autolysed staphylococci, 
the inertness the simple solution compared with the efficiency the 
acetone precipitate could explained the survival living staphylococci 
which had inactivated the specific substance present. was found that 
suspension these cocci was not sterilized exposure temperature 
80° for minutes. 


Action Heat. 


this explanation were correct, should possible obtain active 
specific substance from disintegrating staphylococci simply preventing 
further autolytic change. 

happened that there was available suspension staphylococci that had 
been incubated carbol-saline under anaerobic conditions for days. Micro- 
scopical examination showed the great majority cocci were Gram-negative 
but still took the counterstain fairly well. The suspension was centrifuged 
moderately clear, and then placed water-bath 85° and the tempera- 
ture quickly raised 100°C., which degree was maintained for ten 
minutes. removal and centrifuging the sterile solution was obtained 
practically clear. Half this solution was forthwith injected intravenously 
into one rabbit; from the other half precipitate was thrown down the 
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addition three volumes acetone. This precipitate dried, redissolved 
formol-saline and completely cleared centrifuge was injected into second 
rabbit. 

week later these rabbits were bled and their sera showed 
response, each agglutinating staphylococci titre 1/80. 


Extraction Raised Temperatures. 


While satisfactory results were obtained interrupting the processes 
autolysis the methods described, was possible that still better yields might 
obtained artificial disintegration staphylococci temperature which 
was destructive From study the microscopical changes 
produced appeared that weak mineral acid had greater disintegrating action 
than had similar strengths alkali. 

suspension young staphylococci saline equal volume 
1/2000 HCl was added and the mixture kept temperature for 
minutes. was then neutralized while the bath boiling water and 
the temperature maintained for minutes longer. The suspension was 
once centrifuged till fairly clear and the supernatant fluid removed and treated 
with acetone. very small precipitate was obtained which was dissolved 
carbol saline and centrifuged till absolutely clear. This solution was injected 
intravenously into rabbit. The serum taken week later agglutinated 
staphylococci titre 1/1000. There were toxic effects, had followed 
similar reactions typhoid solutions. 


CONCLUSION. 


The experiments detailed prove that the specific substance from staphylo- 
cocci liberated active antigenic state. Complete loss activity 
follows unless the free specific antigen protected from the action living 
cocci and their enzymes. This destructive effect not immediate, that 
possible obtain active specific substance from staphylococci undergoing 
rapid autolysis methods which ensure prompt sterilization and cessation 
further enzyme cleavage. The best results are obtained extracting staphylo- 
cocci temperature which destroys enzymes. 


REFERENCES. 


D.—(1925) Brit. Exper. Pathol., 99. 

A.—(1927) Path. Bact., 30, 345. 

Avery, T., M.—(1925) Med., 42, 367. 
Avery, T., anp J.—(1925) 42, 347. 

Avery, T.—(1927) Ibid., 46, 691. 

M., Avery, T.—(1924) 40, 301. 


4 
= 
4 a 


207 


ROUGH AND SMOOTH STRAINS CORYNEBACTERIUM 
TRYPSIN-SERUM-AGAR. 


PARKER, 
Surgeon-Commander, R.N. 


From the Royal Naval College, Greenwich. 
Received for publication July 6th, 1928. 


properties when grown T.S.A. were mentioned Dudley (1925), who 
failed find any association between these properties and that toxin 
formation. the early part 1928 very close association was found, the 
smooths being toxigenic and the roughs atoxic. Some attention was therefore 
paid the naked-eye and microscopic morphology this medium some 
200 strains bacilli which fermented glucose but not saccharose, and which 
morphologically resembled when grown inspissated serum. 

The strains may divided into four 


Series 
Suspicious sore throats Nov. 1927, 
and their contacts Jan. 20th, 1928 
oys the Royal Hospita 
Series 
Healthy boys Feb. 13th April 
12th, 1928 
Series 
Casesofsuspecteddiph- May 9th June wide district south- 
theria with few 9th, 1928 east London. 
contacts and conva- 
lescents 


trypsin-serum- was adopted Dudley (1925) order 
get heavy growth for massive intraperitoneal doses. 

was founded Douglas’s medium (1922), but the potassium tellurite 
was omitted. used for the observations recorded here, consisted 
bullock’s heart nutrient agar standardized the method and 
Smart (1920), which was added trypsinized serum. Serum was 
obtained from the slaughter-house clotting, often not any means free 
from hemoglobin. This was stored with chloroform large bottles. Clear 
serum was pipetted off into stoppered bottle required, and was added 
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Injectio trypsini (Fairchild). The bottle was firmly stoppered and 
incubated from hours. This trypsinization causes the appearance 
precipitate, and has been the practice shake the bottle before pipetting 
off, though there reason suppose that this essential. After 
the trypsinized serum was stored room temperature, and was always 
least week old and often much two months old when added the 
agar. 

serum-agar, the nutrient agar described above which 
added 10% chloroformed serum (without trypsin). 

Taking the colony appearance and emulsification properties when grown 
the strains could fairly easily divided into three groups 

The light growers. 

The rough heavy growers. 

The smooth heavy growers. 
The difference between the light and heavy growers was comparable with the 
difference between profusely growing staphylococcus and streptococcus, and 
when several strains each were put side side plate, was sufficiently 
marked quite obvious distance several yards. Yet the difference 
could scarcely detected the agar was made with serum which had not 
been trypsinized, nor was there any noticeable difference plain agar the 
heaviness the growth, though the light growers could 
recognized their flatter Fig. shows how different these two 
types can look (right), while looking almost the same (left). 
The two Petri dishes were sown the same time, corresponding sections 
each being spread with the same loopful, they were incubated side side for 
hours and photographed together plate. The heavy growers 
grow much more profusely T.S.A. than whereas the light growers 
generally grow, anything, less profusely than Gelatin 
was tried one two occasions and was found produce the same 
contrast between these two types, seen T.S.A., but lesser degree. 

The light growers could usually distinguished from the heavy growers 
their microscopic morphology. This subject considerable variation 
both types, but two features stand out striking and fairly constant manner. 
The first that the bacilli the light-growing strains tend very large, 
both and even hours. Segmentation and clubbing 
appear later both these media, and T.S.A. coccoid bodies frequently 
appear about the third day, sometimes forming 60% the culture. The 
second point contrast between the two types that whereas the light- 
growing strains show much bigger bacilli T.S.A. and than they 
inspissated serum, the bacilli the heavy-growing strains are distinctly 
smaller T.S.A. than they are inspissated serum. 

This effect the trypsinized medium encourage the formation coccoid 
bodies seems somewhat parallel the phenomena observed Parish 
(1927). Often T.S.A. culture days old the light-growing strains give 
film very similar Fig. Parish’s paper. 

All except one the light growers occurred series which were the 
last isolated, that remains seen how far the characters the light- 
growing strains persist subculture; but one case they have persisted for 
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Serum-agar. 


Fig. 


light grower. and and smooth heavy growers. The contrast 
between the two types noticeable only the T.S.A. plate. 


2,—Portion plate spread with rough and smooth strain, both them 
toxigenic. 


Parker. 
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months. The division the light growers into rough and smooth types 
their emulsification properties has not yet been found practicable. 

The heavy growers, the other hand, generally declared themselves rough 
smooth fairly readily. When heavily planted, well-grown T.S.A. slope 
was washed off with little saline the rough strains came off very easily, but 
large flakes which did not emulsify. order obtain emulsion sufficiently 
homogeneous standardized opacity for the cutaneous virulence test, 
was necessary take off loopful the growth and rub upon the side 
dry tube, and work the saline into loopful time. The smooths 
were little slower washing off, but came off homogeneous, though not 
very permanent emulsion without any difficulty. difference between 
the emulsifying properties the two types seen also but the 
contrast not clear cut. 

The terms and smooth” are used merely for convenience. 
agglutination tests have been done, and not known whether these homo- 
geneous emulsions the smooth strains are good emulsions from the point 
view the serologist. recording the strains rough smooth this was 
the only property considered, but was often possible recognize their 
respective colonies T.S.A. plates, the rough colonies tending have matt 
surface, crenated outline, and break rather than flow when touched with 
needle, the smooth colonies showing the opposite characters. The demarcation 
line between adjacent rough colonies tends remain visible even when the 
colonies are closely packed, whereas the smooth colonies show much more 
complete fusion. Fig. shows both rough and smooth colonies one micro- 
scopic field plate spread with both rough and smooth toxigenic strains. 
These colonies are less than hours old. serum-agar, Loeffler’s medium, 
inspissated serum and whole blood-agar, the rough characters generally failed 
develop and the colonies all strains looked smooth. When growing 
broth there was tendency for the roughs show flocculation and the smooths 

large extent the rough and smooth characters were maintained 
subculture. Thus about strains were re-examined periods varying 
between and weeks after the original test, and all except one gave the 
same result regards rough and smooth characters the first occasion. 
This one had originally been examined three times, and each occasion was 
recorded ‘‘? rough, smooth.” the second test seemed entirely 
rough. This strain (B. 68) will referred later. another occasion 
strains were grown broth overnight and then capped and stored room 
temperature for weeks. plating out some these broth tubes T.S.A. 
smooth strains gave pure smooth plates. Colonies from them were 
tested and proved toxigenic and one atoxic. These results were the same 
those obtained the original tests. Nine rough atoxic strains were also 
plated, and all except one showed both rough and smooth colonies, and 
some cases intermediate type colony with smooth surface but 
crenated outline. Thirteen smooth colonies, the intermediate type and 
rough colonies from these plates, were tested and all were found atoxic. Later 
two strains changed from rough smooth while being stored inspissated 
serum. These again were still atoxic after the change. 
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The strain some interest. mentioned above was originally 
recorded rough smooth,” that say the growth came off the slope 
flaky manner, but when the flakes had settled there was reasonably opaque 
homogeneous emulsion left, whereas with completely rough strain the saline 
only slightly turbid after the flakes have settled. the re-test was 
recorded definitely rough. The occasion this .re-test was confirmatory 
virulence test, the subcutaneous method, strains, designed control 
check the accuracy the technique the cutaneous test. Out strains 
which -were toxigenic the original test was the only one which failed 
kill its guinea-pig the second test. The animal was definitely ill and 
there was considerable local infiltration with some ulceration, the test was 
repeated, with the result that the culture was again recorded rough and the 
guinea-pig died, though not till the sixth day. whole T.S.A. slope was 
always used for the subcutaneous test, and out pigs dying about this 
after this test only two survived the second night after the injection, and none 
survived the fourth night. This delayed death, together with the fact that 
the post-mortem showed unusual amount seemed com- 
patible with the idea that very small dose had been given although whole 
slope had been injected. Films the strain appeared pure, but 
plating out T.S.A. was found that though the vast majority the colonies 
were the rough variety, there were few 2%) smooth colonies. Two 
smooth colonies when replated gave pure smooth plates once, but rough 
colonies gave few smooth colonies their plates. Colonies from these plates 
produced pure rough and smooth plates. all colonies from these three 
generations plates were tested, and every case the roughs were atoxic and 
the smooths toxigenic, one the latter killing its guinea-pig hours, when 
injected subcutaneously. All these colonies fermented glucose but not saccha- 
rose, and gave typical morphology inspissated serum. 

Bearing mind the well-known tendency for toxigenic organisms healthy 
throats replaced atoxic organisms, good deal the isolation was 
done plates, the hope that paying attention rough and smooth 
characters would possible pick out both toxic and atoxic colonies from 
the primary plates, but far success has been obtained. 

Cowan (1927) made use and characters colonies selecting 
out atoxic strains from the stock culture Park the being atoxic and the 
toxigenic, but she used serum-agar which the rough colonies 
described this paper usually fail develop their characteristic appearance. 
extensive plating Park has been carried out during the present work, 
but has been plated several times, and has produced nothing but 
rough colonies. has never failed give positive result when used 
control the cutaneous virulence test. 

Table shows that Greenwich School (series and C), out 171 
heavy-growing strains, 166, agreed with the rule that the roughs were 
atoxic and the smooths toxigenic. the five exceptions two can reasonably 
excluded, one them, 68, showing both the rough atoxic and the smooth 
toxic types, while the other was one which, although recorded smooth and 
atoxic, was afterwards re-tested several times and found toxigenic. These 
two are shown column, The other three remain genuine exceptions, 
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This association, any rate freshly isolated cultures, smoothness 
with the power forming toxin, and roughness with the lack this power, 
striking that well draw attention the very special environment 
from which the strains were obtained. The school itself has been described 
Dudley and only remains emphasize the fact that the time 
when these cultures were obtained very few cases clinical diphtheria were 
occurring the school. There were few mild cases during the isolation 
series but during the collection series and there were cases 
diphtheria and very few sore throat, but artificial active immunization was 
being carried out while series was isolated. 

this point the investigation seemed that freshly isolated rough 
strains were invariably atoxic since exception had been found over 100 
rough strains isolated. also seemed that freshly isolated smooth strains 


TABLE 


GROWERS 
WITH RULE 


A=atoxic. The fifth column and the areas enclosed thick lines show the 
number strains agreeing with the rule that the heavy-growing strains, the smooths were 
toxigenic and the roughs atoxic. The organisms outside the school showed very little tendency 
follow this rule. 


NUMBER AGREEING 


were almost always toxigenic though three exceptions had been found out 
47. Yet has been seen that rough atoxic strains can under laboratory 
conditions become smooth and still remain atoxic, and moreover the stock 
culture Park was always rough and toxigenic. Also Dudley, when working 
with strains from Greenwich School from 1921 1923, found that both toxic 
and atoxic strains could either rough smooth. 

order obtain sample from environment which diphtheria was 
definitely present, series was isolated from swabs sent Dr. Standish, 
the Dreadnought Hospital, for routine diagnosis. Information the nature 
these cases scanty, but they were all sent general practitioners 
medical officers health, and may considered have been cases 
clinically resembling diphtheria, few instances close contacts such 
cases. The contrast between the organisms series and those the 
school was striking. The light growers formed 30% this series, whereas 
only one such strain had been found the school, and that boy who had 
just returned from Metropolitan Asylums Board Hospital. Again, the heavy 
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rough toxigenic strains which provided over 20% series had been 
completely absent the school. 

attempt made attach any definite significance these phenomena, 
and must admitted that the work very incomplete, but combination 
circumstances makes doubtful whether will possible proceed any 
further, and thought best record these observations without waiting for 
further developments. perhaps idle attempt any conjecture what 
such developments might be, but interesting consider whether the fact 
that two the types were strictly confined the diphtherial environment 
may have some bearing the question virulence opposed toxigenicity, 
whether merely instance the liability any group individuals 
restricted environment conform common type and acquire 
common habits. 

have thank Surgeon-Commander Dudley for his continual help and 
guidance, and Dr. Standish for supplying with the primary serum slopes 
from which series was isolated. 


SUMMARY. 


Trypsin-serum-agar shows points difference between various strains 
which not attract attention other media. observing 
these differences 219 strains could divided into 

The light growers. 
The rough heavy growers. 
The smooth heavy growers. 
The light growers (16 strains all) were every case toxigenic. marked 


difference was found between the organisms Greenwich School, where 


diphtheria was not prevalent, and those from sources outside the school, where 
diphtheria was occurring. The light growers and the toxigenic rough heavy 
growers were entirely confined the organisms from outside the school. 
Greenwich School there was 98% agreement, with the rule that, the 
heavy growers, the smooth strains were toxigenic and the rough strains atoxic. 
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virus foot and mouth disease was described Olitsky and Boéz 
(1927) carrying positive electrical charge hydrogen ion concentrations 
the acid side more alkaline solutions the sign the charge 
was reversed. Todd (1927) showed that the bacteriophage bears negative 
charge over range his experiments did not include tests 
outside this range, and therefore afford evidence the iso-electric point. 


view this dissimilarity attempt was made determine the nature 


the charge carried the virus vaccinia. 

The apparatus employed was the identical U-tube apparatus used Todd 
his bacteriophage experiments (the reader referred his paper for full 
description and sketch). Preliminary tests with solutions and suspensions 
Victoria blue demonstrated the necessity using vaccinial fluids free from 
visible particles, because such particulate matter gives rise mechanically 
induced currents which interfere with electrically induced migration. 

Satisfactory fluids were obtained the following technique: Starting 
from strain neurovaccine, obtained originally from Dr. Levaditi, series 
intra-testicular passages rabbits was made. After the third passage 
0°5 testicular emulsion injected into the testes normal 
rabbit gave rise distinct swelling the organ the fourth day. The 
animals were therefore killed the fourth day after inoculation, and the 
testes removed aseptically. testis was cut into pieces pieces, 
according size), and each piece was dropped into tube either (a) special 
broth containing 16% serum, (b) Ringer’s solution. After incubation 
37°C. for varying periods the clear supernatant fluid was decanted. This 
decanted diffusate, potent high dilution, was subjected cataphoresis after 
adjusting the reaction the desired pH. 

Samples from each limb the apparatus were withdrawn after time 
varying from hours, and series five-fold dilutions made. 
dilution was tested for the presence virus the intradermal inoculation 
c.c. into the epilated skin the back normal rabbit. The reactions 
were read the third and fourth days. 

all experiments except four the samples withdrawn were tested also for 
the presence proteins the nitric acid ring test. 
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The reactions the buffer solutions the side limbs the apparatus 
were checked the end each experiment. case was any appreciable 
difference observed. 

Full details the experiments, together with the results obtained, are 
shown the table: 

Presence virus. Protein test. 
Fluid. 


+ pole, — pole. 


Testis Ringer 


” 


broth 


Ringer 
broth 
Ringer 
broth 


Ringer 


Go BO Go bo bo bo bo 


tested 


+++ 


Not tested 


Not tested 


we 


re ” 
Not tested 


will seen that migration virus was demonstrated over reaction 
range every case virus was recovered from the positive 
pole; three experiments was recovered from both poles; case was 
found the negative pole whilst absent the positive pole. the three 
experiments which virus was demonstrated both poles the fluid used was 
testis broth, and the protein ring obtained the negative pole sample was 
exceptionally dense. have hesitation attributing the appearance 
virus the cathode these cases mechanical carrying over virus 
tissue protein. Over reaction range 5°5 the virus vaccinia 
carries negative charge. 

The iso-electric point the virus was not determined, because rapid 
inactivation occurred the more acid solutions. This shown experiments 
1-3, and falls into line with the observations Yaoi and Kasai (1926), 
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reported that even vaccine lymph, which remains potent much longer than 
diffusates, complete inactivation occurred hours 37°C. 
Furthermore, found that diffusates, when adjusted became turbid, 
and consequently unsuitable for cataphoresis experiments. 

The iso-electric point the tissue proteins was found approximately 
6°8. the alkaline side this point the proteins migrated together 
with the virus the the acid side, definite separation virus from 
proteins occurred, the virus, before, passing the anode, and the proteins 
the cathode. Cataphoresis suitable reaction therefore affords means 
separating virus from the tissue proteins and obtaining relatively 
pure condition. 

The fluids used were more less coloured, presumably hemoglobin 
derivatives. This pigment migrated most the experiments the cathode 
few migration was observed. was never observed migrate the 
anode. 

The method, although simple principle, presents considerable difficulties 
practice. The comparator method adjusting the reaction requires large 
amount vaccinial fluid; nevertheless should employed, because our 
experience the amount blood-pigment contained, even Ringer diffusates, 
renders the use small-scale drop methods unreliable. 

The withdrawal the samples necessitates extreme care. essential 
that the samples taken from point near the cotton-wool plugs, otherwise 
they may inactive. the other hand, should the sampling pipette 
allowed touch the plugs there danger material being sucked through 
the plugs from the central limb. 

Migration occurs more slowly the more alkaline solutions, that unless 
very potent diffusates are used inactivation occurs before sufficient time has 
elapsed for virus reach the sampling point. The fluid used should give 
typical skin reaction dilution 2000 tested immediately after 
decanted from the piece testis, intradermal inoculation the rabbit’s 
skin. 


SUMMARY. 


The virus vaccinia carries negative electrical charge over range 

Cataphoresis H-ion concentration the acid side affords 
means separating the virus from tissue proteins. 


conclusion wish express our thanks Dr. Todd for the loan 
his apparatus and for his constant advice. 
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the course Harben Lecture one (Ledingham, 1926) 
variola, vaccinia and fowl-pox studies, mention was made certain experi- 
mental procedures designed secure homogeneous virus-containing fluid for 
filtration tests. virus was inoculated intradermally high concentration 
several spots the shaved rabbit’s back, and about the 4th 5th day, when 
the inflammatory responses had reached their height, the animal was sacrificed 
induction air embolism. After washing the skin with soap and water, 
followed alcohol and ether, the sites each lesion were incised with 
razor-blade, and the cedema either expressed oozing naturally, was 
received capillary pipette. From series such lesions 
occasion obtain about half cubic centimetre clear serous fluid, 
which was found contain virus when tested subsequently the intradermal 
method. Success, however, was not uniform, and frequently was impossible 
collect sufficiency free fluid this way owing the general dryness 
the lesion. 

April, 1927, the receipt from Dr. Rivers, the Rockefeller Institute, 
sample testicle-grown vaccine virus and one virus (both bac- 
teria-free) obtained the Carrel-Rivers technique (Carrel and Rivers, 1927), 
became necessary devise method passing virus from dermis dermis, 
view the fact that these samples appeared propagate with great intensity 
the dermis but only very feebly the scarified skin. 

the present communication account given experiments 
illustrating the possibilities passage vaccine virus from dermis dermis, 
the comparative potency such passed dermal virus for dermis 
skin surface, the adaptation ordinary calf-lymph growth dermis, the 
evaluation the virus-content excised dermal lesions, and the advantages 
dermal virus arising from the fact that can obtained entirely free from 
contaminating bacteria. 


Exp. (25.5.27).—Original Test the Intradermal Method Undiluted 
Testicular Virus and Virus. 


(Abbreviations intradermal test; scarification test; p., vaccine papule; n., nil 
viricidal serum, anti-vaccinial.) 

papules papules 
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Exp. (10.6.27).—Titration these same Viruses. 


Test. 3 days. 5 days. ys. 8 days. 


later titration this testicular virus 15.7.27 very slight but 
definite reaction was obtained 100, that one may take the original 
above results indicated that the virus was distinctly the weaker 
the two tested both intradermal inoculation and scarification. The 
latter method revealed both cases weaker affinity these viruses for the 
cutaneous surface, and was decided, therefore, attempt intradermal 
passage for further propagation. 


Method Employed for Passage. 


15.7.27 the testicular virus was inoculated intradermally the 
undiluted state three places shaved rabbit’s back. days later the 
animal was killed and the three spots were excised after thorough cleansing 
the surface skin. They weighed respectively 1°95 gm. and 1°5 gm: 
These three excised areas and were cut scissors and 
ground mortar without sand. each was added c.c. M/50 phosphate 
solution and placed the cold room. the following day each 
sample was centrifuged, thus yielding three perfectly clear supernatants which 
were tested separately fresh rabbit the undiluted state, while for 
titration purposes the pooled supernatants were used. 


Exp. Passage. 

days. 

+ 

+ 

+ 
+ 
p. 


the above experiment titration the scarification method was not 
attempted, but the scarification result with the undiluted material which was 
inserted with glass rod along four lines each 1°5 in. long, yielded only two 
three papules per line. The passaged virus tested intradermally has clearly 
increased potency. 

the 7th day (27.7.27) the animal was killed, and the four spots 
corresponding and Pooled were excised and treated before 
except that sand was used this occasion. The total weight was 3°35 gm., 
and this amount pulp c.c. phosphate sol. was added. 29.7.27 the 
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pulp was removed from cold room and The supernatant fluid 
was tested both intradermally and scarification fresh rabbit. 


Exp. (29.7.27).—Second Passage. 


Test. days. days. days. 


remarkable divergence apparent between the two titration results. 
Increased adaptation dermis does not seem accompanied any 
increased affinity for cutaneous surface tested scarification. 


Exp. (3.8.27).—Retitration the Same Material that Tested 


Last Experiment. 
this occasion attempt was made rub into the single-line scarifica- 
tion volume fluid equal that injected intradermally c.c., half 
the usual intradermal dose). 
The same divergence again apparent, but view the casual doubtful 
papule the 10,000 scarification line, which may have been due 
transference virus the animal itself, was decided retitrate the fluid 


scarification shaved areas separated hair. The volume rubbed into 
each area was also increased The result was follows: 


The result shows quite clearly that with material this kind reaction 
scarification cannot obtained dilutions greater than 10, whereas the 
same material gives intradermal response dilutions 1000 
10,000. 
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Exp. Intradermal Passage. 


The material for the third passage was obtained from the animal used 
This animal was killed the 6th day, when the spots corresponding 
concentrations and were removed and treated the usual 
way. weight 1°75 gm., which 2°3 c.c. phosphate sol. was added. 


will noted that the potency the virus, after repeated dermal 
passage, has reached high level, and though the end-point was not reached, 
would probably have lain between 10,000 and 100,000. 


Adaptation Ordinary Sample Calf-lymph Growth Dermis 
Rabbit. 


was manifestly necessary ascertain whether ordinary calf-lymph 
long adapted growth scarification areas could made pass readily 
from dermis dermis rabbit without loss potency, and so, whether 
its capacity for propagation the scarified surface would modified the 
process. 

Samples calf-lymph, for which are indebted Dr. Blaxall, the 
Government Lymph Laboratories, proved very highly potent when tested 
the rabbit parallel series intradermally and scarification. both 
methods the potency titre ran out usually about the same dilution. When, 
however, attempt was made pass the virus from dermis dermis the 
usual methods difficulties arose, and seemed that marked fall potency 
was expected, least the early stages passage. falls were 
sometimes great that further passage was abandoned. Later trials, 
however, revealed the importance excising the lesions not later than the 
third day, and passing immediately the supernatants prepared from excised 
areas without waiting for their potency estimations. The following the 
protocol extensive experiment carried out these lines, and will 
seen that the original potency the calf-lymph, tested intradermal 
inoculation, was maintained that level after five dermal passages. Original 


Ist areas tested. 


2nd poor lesions. Two excised 6th day. I.D., 
10,000 and 20,000. 

3rd passage.—3-day virus. I.D., 100,000. 
passage.— do. Two areas. I.D.,1in 100,000 and 50,000. 
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The material from fifth passage was tested also the scarification 
method parallel with the intradermal titration. 

papules appeared areas corresponding dilutions virus higher 
than 100. would appear, therefore, that the case also 
virus contained calf-lymph which has been adapted growth rabbit 
dermis, loss propagating power scarification surfaces takes place. 

The mechanism this change will made the subject further study. 
The seed-bed for the virus both methods inoculation the same, but the 
environmental conditions which determine propagation must differ the two 
cases. The process adaptation dermis may indeed favour the selection 
virus strain which prefers the more anaerobic existence. 


Determination the Amount Virus One Dermal Area reckoned 
Minimal Infecting Intradermal Doses. 


The area selected for titration its content virus was obtained from the 
following experiment, which dermal virus prepared 9.8.27 and placed 
the cold room was titrated fresh rabbit 27.9.27. (No glycerine had 
been added.) The reading the titration the 6th day was follows: 

The area selected was that corresponding the 100 concentration, 
and calculated from the titration result, the amount virus originally 
introduced into this area volume 0°2 (the usual intradermal dose) 
was M.I.D. The weight the area excised the 6th day was 0°79 gm., 
and the triturated pulp was added 2°85 c.c. phosphate sol. 4.10.27 
the pulp suspension was centrifuged, and the supernatant fluid, which measured 
2°25 was removed. With the pulp deposit similar volume (2°25 c.c.) 
fresh phosphate solution was incorporated, and the mixture replaced the 
cold room. Details will given only the titration the first supernatant 
4.10.27: 


Conc. Test. 24hrs. days. days. days. Wts. excised 


areas on 7th day. 


100,000 was therefore taken the M.I.D., and the volume 
inoculated each intradermal dose was 0°2 c.c., the number M.I.D. 
recovered from 2°25 c.c. supernatant was 1,125,000. 

will noted that the weights the individual excised areas after death 
air injection the 7th day give very fair measure the intensity the 
dermal responses, and, further, that each dilution virus tested has its own 
cycle evolution. The titration scarification was not carried beyond the 
100 dilution, but unlikely from previous experience that further 
dilutions would have given definite positive readings, 
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Tests 2nd, 3rd and 4th Supernatants. 


7.10.27 the second supernatant, was removed from the pulp 
after centrifuging, and similar volume phosphate solution incorporated with 
the deposit. 18.10.27 the 3rd supernatant, 1°95 c.c., was removed, and 
this occasion phosphate was added. was added the 
pulp suspension before centrifuging obtain the 4th supernatant. total 
volume c.c. was recovered for test. Owing accident the tube 
containing the original pulp further supernatants were available. 

The 6th day readings only need given. 

tested. Many papules. 

papules. 

The 2nd, 3rd and 4th supernatants were, therefore, respectively 

The total number the four supernatants amounted 
1,242,750, thus showing that the original inoculum had increased 
the dermis least 100,000 times. 

will noted that the first addition phosphate solution, viz. 2°85 
only 2°25 c.c. were recovered for test after centrifuging. The remaining 
contact with the pulp deposit, would therefore have accounted for 
300,000 had been possible recover it. the subsequent super- 
natants failed yield this total would appear that they simply brought 
light successive dilution, though incompletely, the residual virus the puip 
after the first supernatant was removed. stands, the experiment does 
not prove that any gradual liberation virus occurred during storage. 


Further Experimental Data. 


the experiment detailed above, only three weeks elapsed between the 
testing the first and the fourth supernatants. Each addition fresh 
phosphate was kept contact with the stirred-up pulp only for few days 
before removal for test. glycerine was added, and re-grinding pulp 
was undertaken connection with the successive additions phosphate. 

the attempt explain falls titre successive supernatants was 
observed that supernatants removed from the pulp and stored the absence 
glycerine suffered serious losses potency. Addition glycerine 
supernatants immediately removal from pulp tended preserve potency. 
the other hand, fluids stored contact with pulp tended maintain their 
original potency, and was possible, simply re-grinding the pulp without 
further addition fluid, demonstrate increment liberated virus. The 
suggestion therefore was that the storage pulp virus might liberated 
into the surrounding fluid, but, the presence phosphate, might gradually 
become inactivated, the stored phosphate supernatants. 

The practice re-grinding the pulp periodically was also found favour 
liberation virus, evidenced increased potency titration. the 
following experiment successive supernatants were tested for potency rapid 
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succession, the pulp was periodically re-ground, and the latter part the 
experiment additions glycerine-phosphate were made the pulp instead 
phosphate alone. The details are follows 


Original inoculum, M.I.D.—Lesion excised 5th day. Wet. 0°45 gm. 
Suspended after grinding c.c. phosphate. 

2nd supernatant.—Vol., (no re-grinding). Potency, 5,000. 

supernatant.—Vol., Pulp re-ground. Potency, 10,000. 

4th supernatant.—Vol., re-grinding. Potency, 20,000. 

5th supernatant.—Vol., Pulp re-ground. Potency, 20,000. 

6th supernatant.—Vol., Pulp re-ground. 10,000. 

Using the formula, No. M.I.D. find 

vol. inoculum) 
that from original inoculum M.I.D, contained 0°2 introduced 
into the dermis, least 1,317,500 have been recovered from the 
resulting dermal lesion excised the fifth day. been possible 
recover the missing 0°5 c.c. belonging the first would have 
accounted for 125,000 M.I.D. was, 942,500 were recovered 
all from the five subsequent supernatants. 

consider, therefore, from the experimental evidence are able 
bring forward here, that under suitable conditions storage, accompanied 
regrinding pulp, possible demonstrate steady increments virus from 
stored pulp into the surrounding far, exhaustion has not been 
reached. 


Behaviour Dermal Virus (Rabbit) and Calf-Lymph Rabbits 
Hyperimmunized with Vaccinia Calf Origin. 


orientating experiment this nature had shown complete absence 
response dermal virus when inoculated intradermally into the hyper- 
immunized rabbit, but very definite inflammatory response calf-virus 
probably allergic nature. The inflammatory response was not even annulled 
when viricidal serum obtained from previous bleeding the same animal 
was injected with the test dose calf-virus. The following the protocol 


Virus. Test. 2 days. 3 days. 4 days, 5days. 6days. 7days. 9 days, 


The rapidity onset the inflammatory response and its fairly rapid 
decline certainly suggested the usual type allergic phenomenon, but its 
apparent absence with dermal virus required some explanation. was there- 
fore decided titrate the intradermal method dermal virus and calf- 
virus parallel two animals, one normal and the other hyperimmunized 
with calf-lymph. 

Both viruses yield practically the same potency titre when tested intra- 
dermally the normal rabbit, and both are easily neutralized addition 
viricidal serum inoculum the pure materials. the hyperimmunized 
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Normal rabbit. perimmunized rabbit. 
24hrs. 2 days. 3 days. 5 days. 24hrs. 2 days. 3 days. 6days. 


animal, however, the two viruses give somewhat different results. The dermal 
virus (obtained propagation rabbit dermis) unable proliferate while 
the calf-virus excites allergic response. The squares enclosing adjoining 
dermal areas indicate the presence inflammatory cedema far beyond the 
circle within which the inoculum was placed. possible that the different 
behaviour the two viruses when tested the hyperimmunized animal 
due simply the fact that the hyperimmunization was carried out with calf- 
material. That the allergic results were obtained only with the high concen- 
trations calf-virus would expected this hypothesis. 

later experiment with another hyperimmunized animal has yielded 
similar result, but far have not yet performed the converse experiment 
rabbit hyperimmunized with dermal virus. The factors underlying 
allergic phenomena immunized animals are yet but little understood, 
and further investigation this subject contemplated. 


Advantages Dermal Virus for Certain Purposes. 


have indicated that dermal virus obtained from excised dermal lesions 
can obtained the form perfectly clear homogeneous fluid containing, 
addition the virus, only minute quantity rabbit serum protein. For 
serological investigations, such virus-containing fluid may prove more suitable 
than the suspensions made from surface lesions hitherto employed. The 
dermal virus also possesses the merit being obtainable state entirely free 
from bacteria careful treatment the overlying skin before excision the 
lesion. For growth experiments. with vaccine virus contact with growing 
tissue vitro the material has, our colleagues’ hands, proved value and 
has replaced testicular virus for this purpose. 

Its possibilities prophylactic agent for smallpox place calf-lymph 
have yet explored, but would appear particularly suitable for use 
the intradermal method. 


Histology the Lesion Produced Dermis Bacteria-Free Dermal Virus. 


The histological features lesions produced calf-lymph introduced 
directly into the dermis have been described Ledingham (1924). 
connection with the experiments described this communication, sections for 
histolagical examination have been prepared from many excised areas and also 
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from lymph-glands draining the inoculated area, particularly the large inguinal 
glands. These are almost invariably found red and swollen, 
and occasion show very definite discrete hemorrhages. With bacteria-free 
virus material the dermal response not essentially different from that obtained 
with ordinary lymph. There same initial attack vascular endothelium 
followed polynuclear invasion and mobilization histiocytes. Both types 
cell undergo necrotic changes the struggle with the virus, and one the 
most arresting features the lesion the comminuted nuclear débris these 
cells, which occupies large part the mid-dermis. Features the defence 
are the perivascular sheaths and diffuse R.E. development, not only the 
neighbourhood the larger vessels the upper papillary layer and along the 
skin-muscle, but also throughout the skin-muscle and areas dermis 
peripheral the central lesion. necroses are frequent the 
course vessels running through mid-dermis the papillary layer. Ina 
subsequent paper hoped discuss more fully the histological details 
these lesions connection with the study those produced smallpox 
virus similarly inoculated. Ledingham (1926) and McKinnon and Defries 
(1928) have shown, smallpox virus intradermal injection produces very 
similar lesions the normal rabbit. 


SUMMARY AND CONCLUSIONS. 


suitable technique possible adapt vaccine virus growth 
the dermis the rabbit and secure successive passage from dermis dermis. 

With virus testicular origin (rabbit) adaptation growth dermis 
readily established and the potency rises high the process 
adaptation calf-lymph, initial fall potency the early passages 
expected, but attention certain technical details the original potency 
which calf-lymph may possess its first intradermal titration can 
maintained the passed dermal virus which has been transformed. 

Adaptation growth dermis involves loss proliferating power 
scarified skin areas. The factors underlying this phenomenon have not yet 
been elucidated. 

The growth virus after introduction into the dermis has been quanti- 
tatively measured titration successive dilutions the pulp prepared from 
the excised dermal lesion. Complete exhaustion the virus-content such 
areas has not been reached successive dilution methods, but shown that 
inoculum may, proliferation the dermis, develop least 100,000 times 
its original content minimal infecting doses. 

Introduced intradermally into rabbits hyperimmunized with calf-lymph, 
dermal virus completely neutralized, whereas calf-virus similarly inoculated 
induces allergic response. 

Dermal virus, virtue its intrinsic freedom from bacteria, eminently 
suitable for use many spheres virus study. 
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